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(54) Exhaust gas purifying catalyst and exhaust gas purifying method 



(57) An exhaust gas purifying catalyst is formed of a 
first powder formed of porous particles supporting rho- 
dium (Rh), and a second powder formed of porous par- 
ticles supporting platinum (Pt) and a nitrogen oxides 
(NOx)-adsorbing material. The second powder and the 
first powder are present in a mixed state. In this catalyst, 
Rh is supported apart from Pt and the NOx adsorbent, 
so that reduction of the oxidizing performance of Pt is 
prevented, and so that the problems of poor compatibil- 
ity between Rh and the NOx adsorbent is eliminated. 
The catalyst therefore maintains high NOx removing 
rate not only during an initial period but also after the 
endurance test. 
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Description 

BACKGROUND OF THE INVENTION 
5 1 . Field of the invention 

The present invention relates to an exhaust gas purifying catalyst and an exhaust gas purifying method for purifying 
exhaust gas from an internal combustion engine of a motor vehicle or the like and, more particularly, to an exhaust gas 
purifying catalyst and an exhaust gas purifying method capable of efficiently removing nitrogen oxides (NOx) by reduc- 
10 tion, from exhaust gas that contains an amount of oxygen in excess of the amount of oxygen required for complete oxi- 
dation of the reducing components of the exhaust gas, such as carbon monoxide (CO), hydrogen gas (hy, hydrocarbon 
(HC) and the like. 

2. Description pf the Related Art 

15 

Many conventional motor vehicles employ three-way catalysts that purify exhaust gas by simultaneously oxidizing 
CO and HC and reducing NOx in exhaust gas at a theoretical air-fuel ratio (stoichiometric ratio). In a widely known 
three-way catalyst of this type, a heat-resistant base member formed of, for example, cordierite, carries thereon a 
porous support layer formed of y -alumina, and the porous support layer supports catalytic noble metals such as plati- 
20 num (Pt), rhodium (Rh) and the like. 

Recently, carbon dioxide (C0 2 ) in exhaust gas from internal combustion engines of motor vehicles and the like has 
become an issue in view of protection of global environments. A promising technology for reducing the amount of C0 2 
emission from an internal combustion engine is a lean burn system, in which combustion is performed at a lean air-fuel 
ratio with an excessive amount of oxygen. The lean burn system reduces fuel consumption due to improved fuel effi- 
25 ciency and, therefore, reduces the amount of C0 2 produced by combustion. 

Since the conventional three-way catalysts achieve simultaneous oxidation of CO and HC and reduction of NOx in 
exhaust gas when the air-fuel ratio is substantially the stoichiometric ratio, the conventional three-way catalysts fail to 
sufficiently remove NOx by reduction in lean-burnt exhaust gas, which contains an excessive amount of oxygen. There- 
fore, there has been a need for development of a catalyst and an exhaust gas purifying system capable of removing 
30 NOx even in an excessive-oxygen atmosphere. 

The present applicant proposed in, for example, Japanese Patent Application Laid-Open No. Hei 5-317652, an 
exhaust gas purifying catalyst in which an alkaline earth metal, such as barium (Ba) or the like, and platinum (Pt) are 
supported by a porous support formed of alumina or the like. Using the exhaust gas purifying catalyst, NOx can be effi- 
ciently removed from lean-burnt exhaust gas from a lean burn system if the air-fuel ratio is controlled so that the air-fuel 
35 ratio shifts from a lean side to a stoichiometric/rich side in a pulsed manner. NOx is adsorbed by the alkaline earth metal 
(NOx adsorbent) on the lean side, and reacts with reducing components, such as HC, CO and the like, on the stoichi- 
ometric/rich side. 

It has been found that the aforementioned NOx-removing process using the exhaust gas purifying catalyst pro- 
ceeds in three steps: the first step in which NO in exhaust gas is oxidized into NOx; the second step in which NOx is 
40 adsorbed by the NOx adsorbent; and the third step in which NOx released from the NOx adsorbent is reduced on the 
catalyst. 

However, in the conventional exhaust gas purifying catalysts, particle growth of platinum (Pt) occurs in a lean 
atmosphere, thereby reducing the number of catalytic reaction points. Therefore, the reactivity in the first and third steps 
inconveniently decrease. 

45 Rhodium (Rh) is known as a catalytic noble metal that has a less tendency to undergo particle growth in a lean 
atmosphere. However, the oxidizing capacity of Rh is considerably lower than that of Pt. Use of a combination of Pt and 
Rh may be considered. It is known that co-presence of Pt and Rh reduces the particle grow of Pt. 

With regard to combined use of Pt and Rh, it has been found that as the amount of Rh contained increases, the 
oxidizing capacity of Pt decreases, probably because Rh covers Pt surfaces. Therefore, as the Rh content increases, 

so the reactivity of oxidation of NO into NOx in the first step decreases and the NOx-adsorbing rate in the second step also 
decreases. Another problem with Rh is low compatibility with NOx adsorbents. Co-presence of Rh and a NOx adsorb- 
ent results in insufficient performance of the NOx adsorbent and Rh. 

In addition, sulfur (S) components contained in fuel are oxidized into S0 2 , which is further oxidized on the catalyst 
into sulfates. If sulfates react with the NOx adsorbent, the NOx adsorbing capacity of the NOx adsorbent is lost, thereby 

55 impeding the removal of NOx by reduction. This undesired phenomenon is generally termed sulfur-poisoning of NOx 
adsorbent. 
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SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention to prevent a durability reduction due to the particle growth of plat- 
inum (Pt) by using rhodium (Rh) in addition to Pt and improve durability by preventing reduction of the NOx adsorbing 
5 and releasing performance of the NOx adsorbent 

According to one aspect of the invention, there is provided an exhaust gas purifying catalyst including a first powder 
formed of porous particles supporting rhodium, and a second powder formed of porous particles supporting platinum 
and a nitrogen oxides-adsorbing material. The second powder and the first powder are present in a mixed state. 
At least one of the first powder and the second powder may support at least one element selected from the group 
10 consisting of cobalt, iron and nickel. 

The second powder may support 1-10% by weight of rhodium relative to an amount of platinum. 
A hydrocarbon-adsorbing adsorbent may be provided adjacent to the first powder. 
The porous particles of the first powder may serve as the hydrocarbon-adsorbing adsorbent. 
The HC-adsorbing adsorbent may exist at an interface between the first powder and the second powder. 
75 The HC-adsorbing adsorbent may form a coating layer provided on a monolithic base member. At least the first 
powder is supported in the coating layer. 

According to another aspect of the invention, there is provided an exhaust gas purifying catalyst including a base 
member, and a coating layer formed on a surface of the base member. The coating layer is formed of a first powder 
formed of porous particles supporting rhodium and a second powder formed of porous particles supporting a nitrogen 
20 oxides-adsorbing material. The first powder and the second powder are present in a mixed state. Platinum is supported 
in the coating layer. The concentration of platinum supported in a surface layer portion being higher than the concen- 
tration of platinum supported in an internal portion. 

According to still another aspect of the invention, there is provided an exhaust gas purifying method. In a step of 
the method, a catalyst having a first powder and a second powder is disposed in an exhaust gas passage. The first pow- 
25 der is formed of porous particles supporting rhodium, and the second powder is formed of porous particles supporting 
platinum and a nitrogen oxides-adsorbing material. The first powder and the second powder are present in a mixed 
state. In another step, the nitrogen oxides-adsorbing material is allowed to adsorb nitrogen oxides in a lean atmosphere 
in which an excessive amount of oxygen is present. In still another step, the lean atmosphere is temporarily changed to 
a stoichiometric-rich atmosphere so as to cause reduction of nitrogen oxides released from the nitrogen oxides-adsorb- 
30 ing material. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and further objects, features and advantages of the present invention will become apparent from the 
35 following description of preferred embodiments with reference to the accompanying drawings, wherein like numerals 
are used to represent like elements and wherein: 

Fig. 1 is an illustration of the structure of an exhaust gas purifying catalyst of Example 1 of the invention; 
Fig. 2 is a graph indicating the relationship between the amount of Rh supported and the NO removing rate during 
40 an initial period; 

Fig. 3 is a graph indicating the relationship between the amount of Rh supported and the NO removing rate after 
the endurance test; 

Fig 4 is an enlarged illustration of the structure of an exhaust gas purifying catalyst of Comparative Example 1 ; 
Fig. 5 is an illustration of the structure of an exhaust gas purifying catalyst of Example 3 of the invention; 
45 Fig. 6 is an illustration of the structure of an exhaust gas purifying catalyst of Example 6 of the invention; 

Fig. 7 is a graph indicating the relationship between the amount of Rh supported and the NO removing rate during 
an initial period; 

Fig. 8 is a graph indicating the relationship between the amount of Rh supported and the NO removing rate after 
the endurance test; 

so Fig. 9 is an illustration of the structure of an exhaust gas purifying catalyst of Example 10 of the invention; 
Fig. 10 is an illustration of the structure of an exhaust gas purifying catalyst of Comparative Example 6; 
Fig. 1 1 illustrates the construction of a flow-type reactor used for test examples; 

Fig. 12 indicates the relationship between the in-coming gas temperature and the hydrogen concentration in the 
out-going gas from the catalysts (test examples) in a rich atmosphere, on the basis of test results; 
55 Fig. 13 indicates the relationship between the in-coming gas temperature and the hydrogen concentration in the 
out-going gas from the catalysts (test examples) in a lean atmosphere, on the basis of test results; 
Fig. 14 is an illustration of the structure of a coating layer in an exhaust gas purifying catalyst of Example 12 of the 
invention; 
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Fig. 15 is an illustration of the structure of a coating layer in an exhaust gas purifying catalyst of Example 14 of the 
invention; 

Fig. 16 is an illustration of the structure of an exhaust gas purifying catalyst of Example 15 of the invention; 
Fig. 1 7 is an illustration of the structure of a coating layer in an exhaust gas purifying catalyst of Comparative Exam- 
5 pie 7; 

Fig. 18 is a bar chart indicating the relative ratios of the amounts of NOx adsorbed by the catalysts of Examples 12- 
1 5 to that of Comparative Example 7; 

Fig. 19 is a bar chart indicating the relative ratios of the amounts of NOx reduced by the catalysts of Examples 12- 
15 to that of Comparative Example 7; 

10 Fig. 20 is a bar chart indicating the relative ratios of the amounts of sulfur-poisoning in conjunction with the cata- 
lysts of Examples 12-15 to the amount of sulfur-poisoning in conjunction with Comparative Example 7; 
Fig. 21 is a bar chart indicating the relative ratios of the amounts of NOx emission in conjunction with the catalysts 
of Examples 12-15 to the amount of NOx emission in conjunction with Comparative Example 7; 
Fig. 22 is an illustration of the structure of a coating layer in an exhaust gas purifying catalyst of Example 16 of the 

75 invention; 

Fig. 23 illustrates the structure in an interior portion of a coating layer shown in Fig. 22; and 
Fig. 24 illustrates the structure in a surface portion of the coating layer shown in Fig. 22. 

DETAILED DESCRIPTION OF THE INVENTION 

20 

In the exhaust gas purifying catalyst of the invention, rhodium (Rh) is present in the first powder, and platinum (Pt) 
and the nitrogen oxides adsorbing material (NOx adsorbent) are present in the second powder, and the first powder and 
the second powder are in a mixed state. That is, Pt and the NOx adsorbent are supported adjacent to each other, and 
Rh and Pt are supported apart from each other. 
25 The particle growth of Rh in a lean atmosphere is remarkably less than that of Pt. Therefore, the presence of Rh 
improves durability. Furthermore, since Rh is supported apart from the NOx adsorbent, the problem of poor compatibil- 
ity between the two components is eliminated, so that performance deterioration of the NOx adsorbent and Rh is pre- 
vented. 

Furthermore, since Rh is separately supported, hydrogen, having a high reducing power, is produced from hydro- 
30 carbon (HC) and H 2 0 in exhaust gas by Rh (water vapor reforming reaction). Hydrogen thus produced considerably 
contributes to the reduction of NOx and the desorption of sulfur oxides (SOx) from the NOx adsorbent which is sub- 
jected to sulfur-poisoning. Therefore, the reduction of NOx during rich pulses increases, and the sulfur-poisoning con- 
siderably decreases. Although the water vapor reforming activity of Rh is normally reduced by the presence of the NOx 
adsorbent, the exhaust gas purifying catalyst of the invention prevents this phenomenon and therefore allows water 
35 vapor reforming reaction by Rh to a maximum-possible level since Rh and the NOx adsorbent are supported apart from 
each other. 

Therefore, if the exhaust gas purifying catalyst of the invention is actually exposed to a lean atmosphere (lean burnt 
exhaust gas) having an excessive amount of oxygen, nitrogen monoxide (NO) is oxidized into NOx on Pt in the second 
powder, and NOx is rapidly adsorbed by the NOx adsorbent supported adjacent to Pt. Since Rh is supported apart from 
40 Pt, the inhibition of oxidizing capacity of Pt by Rh is prevented, so that NO is efficiently converted into NOx. Further- 
more, since Rh is also apart from the NOx adsorbent, the deterioration of NOx adsorbing activity is prevented. 

HC and CO in exhaust gas react with oxygen present in an excessive amount by the catalytic reaction of Pt and 
Rh. Thus, HC and CO are readily removed by oxidation. In stoichiometric-rich atmospheres, NOx is released from the 
NOx adsorbent, and then reacts with HC and CO in exhaust gas by the catalytic reaction of Pt and Rh. Thus, NOx is 
45 removed by reduction into nitrogen gas (N 2 ). 

The NOx reducing performance is improved by the hydrogen produced by the water vapor reforming reaction 
shown as formula (1). The reaction of the formula (1) occurs by the rhodium(Rh), and when a first powder formed of 
zirconia supporting rhodium(Rh) is utilized, the water vapor reforming reaction is further accelerated. 



so CnHm + 2nH 2 0 -» nC0 2 + (m/2 + 2n)H 2 (1 ) 

In the exhaust gas purifying catalyst of the invention, it is preferable that at least one of the first powder and the sec- 
ond powder carry at least one element selected from cobalt (Co), iron (Fe) and nickel (Ni). These elements accelerate 
aqueous gas shift reaction expressed in formula (2), thereby accelerating generation of hydrogen. 

55 

CO + H 2 0 C0 2 + H 2 (2) 
With its strong reducing power, hydrogen reduces NOx, so that the exhaust gas purifying catalyst maintains a high 
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NOx reducing performance even after the endurance test. 

Furthermore, hydrogen occurring in the vicinity of the NOx adsorbent reduces sulfates taken up by the NOx adsorb- 
ent, thereby reducing the degradation of the NOx adsorbent by sulfur-poisoning. 

The amount of the at least one of Co. Fe and Ni supported in the exhaust gas purifying catalyst is preferably in the 
5 range of 0.01-2.0 moles relative to 120 g of the porous particles, whether a single element or two or more elements are 
selected. If the amount is less than 0.01 mole relative to 120 g, no substantial effect is achieved. If the amount is greater 
than 2.0 moles relative to 120 g, no further improvement is achieved and the reaction of the catalytic noble metal may 
be reduced. 

The at least one element selected from Co, Fe and Ni may be supported on either the porous particles of the first 
10 powder or the porous particles of the second powder, and may also be supported on the porous particles of both pow- 
ders. 

The porous particles carrying the at least one elements of Co, Fe and Ni may preferably support a promoter of at 
least one of silicon (Si) and magnesium (Mg). Provision of the promoter will further promote the hydrogen-producing 
reactions. The amount of the promoter supported on the porous particles is preferably within the range of 0.005-2.0 

15 moles relative to 120 g of the porous particles. If the amount is less than 0.005 mole relative to 120 g, no substantial 
effect is achieved. If the amount is greater than 2.0 moles relative to 120 g, no further improvement is achieved. A par- 
ticularly preferable range of the amount of the promoter is 0.01 -0.5 mole relative to 1 20 g of the porous particles. 

It is also preferable that the second powder carry 1-10% by weight of Rh relative to the amount of Pt. If a small 
amount of Rh is thus supported in the second powder, adjacent to Pt, the desirable effect of Rh, that is, reduction of Pt 

20 particle growth, becomes dominant over the undesired effect of Rh, that is, reduction of the oxidizing performance of Pt. 
thereby further improving durability. If the amount of Rh supported in the second powder is less than 1 % by weight rel- 
ative to the weight of Pt. no substantial effect of Rh is achieved. If the amount exceeds 10% by weight, the reduction of 
the oxidizing performance of Pt by Rh becomes significantly great, so that the aforementioned reaction in the first step 
of the NOx-removing process becomes slow. The NOx removing performance therefore decreases. 

25 It is also preferred that Pt and Rh be present in the form of a solid solution in the second powder. It is speculated 
that if Pt and Rh forms a solid solution, the aforementioned desirable effect of Rh will more likely surpass the undesired 
effect of Rh. 

Through closer investigation of the acting mechanism of the catalyst, it has become clear that in a rich atmosphere, 
reaction between water vapor and HC in exhaust gas is occured on the first powder, producing hydrogen, which in turn 

30 contributes to the reduction of NOx. 

That is, the water vapor reforming reaction with HC in exhaust gas occurs on the first powder, thereby producing 
hydrogen, which in turn reduces NOx released from the NOx adsorbent in a rich atmosphere. Therefore, the aforemen- 
tioned reaction in the third step of the NOx-removing process is accelerated. 

In some cases, sutfur-poisoning of NOx adsorbent occurs, wherein SOx in exhaust gas react with the NOx adsorb- 

35 ent to produce sulfuric acid salts whereby the NOx adsorbing capacity is lost. However, due to the production of hydro- 
gen, SOx in exhaust gas is reduced so that the sulfur-poisoning is considerably prevented. Furthermore, the sulfur- 
poisoned NOx adsorbent is also reduced by hydrogen, so that the NOx adsorbing capacity is recovered. Therefore, high 
NOx adsorbing capacity of the NOx adsorbent is maintained, so that the reaction in the third step is accelerated. 
The reaction between water vapor and HC. that is, a hydrogen-producing reaction, hardly occurs in a lean atmos- 

40 phere containing an excessive amount of oxygen because there is almost no HC left in the lean burnt exhaust gas. In 
a lean atmosphere, oxygen present in an excessive amount oxidizes almost the entire amount of HC into H 2 0 and C0 2 . 
If a little amount of hydrogen is produced, hydrogen immediately reacts with oxygen present in an excessive amount to 
produce H 2 0. Therefore, the aforementioned hydrogen-producing reactions are not fully enjoyed in purifying exhaust 
gas from a system, such as a lean burn engine, wherein lean atmospheres occur in most operating conditions. 

45 Therefore, it is preferred that a HC-adsorbing adsorbent be provided adjacent to the first powder. Thereby, a large 
amount of HC present in a rich atmosphere is adsorbed to the HC-adsorbing adsorbent. In a lean atmosphere, HC is 
released from the HC-adsorbing adsorbent, so that HC reacts with water vapor on the first powder, by reaction of Rh, 
to produce hydrogen. 

Thus, provision of the HC-adsorbing adsorbent enables production of hydrogen even in a lean atmosphere, so that 
so NOx is reduced, thereby improving the NOx removing performance. Furthermore, sulfur-poisoned NOx adsorbent and, 
further, SOx are also reduced by hydrogen, so that the sulfur-poisoning of the NOx adsorbent is eliminated and the NOx 
adsorbing capacity is recovered. In addition, further sulfur-poisoning is prevented. Therefore, the NOx removing per- 
formance is significantly improved. 

A representative example of the HC-adsorbing adsorbent is zeolite. There are various types of zeolites, such as Y 
55 type, A type, X type, ZSM-5. silicalite, mordenite, ferrierite, and the like. All of these types have high HC-adsorbing 
capacity. Among them, Y-type zeolite, ZSM-5, silicalite and mordenite have particularly high HC-adsorbing capacity. 
Therefore, it is preferred to use a zeolite selected from those zeolites. 

To increase the hydrogen production rate by increasing the rate of reaction between HC and water vapor, it is nec- 
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essary that the HC-adsorbing absorbent, which supplies HC in lean atmospheres, be adjacent to the first powder, which 
offers reaction active points for the reaction between HC and water vapor. 

This requirement may be achieved by employing first powder in which porous particles are served as a HC-adsorb- 
ing adsorbent. Such first powder can be formed by, for example, supporting or fixing at least Rh on porous particles 
5 formed of zeolite. The thus-produced first powder will adsorb HC in rich atmospheres, and releases HC in lean atmos- 
pheres, which immediately reacts with water vapor on the first powder. Therefore, the reaction between HC and water 
vapor readily occurs on the first powder to produce hydrogen not only in rich atmospheres but also in lean atmospheres. 

The aforementioned requirement may also be achieved by disposing a HC adsorbent at an interface between the 
first powder and the second powder. For example, a HC-adsorbing adsorbent in the form of particles is mixed with the 
10 first powder and the second powder, to form a catalyst. In this manner, the HC-adsorbing adsorbent is disposed at the 
interface between the first powder and the second powder, so that HC is adsorbed to the HC-adsorbing adsorbent in 
rich atmospheres, and is released therefrom in lean atmospheres to immediately react with water vapor on the first pow- 
der to produce hydrogen. 

In still another possible manner, a HC-adsorbing adsorbent-formed coating layer is provided on a monolithic base 

is member, the first powder is supported onto the coating layer. In some cases, such a coating layer may be formed from 
the first powder and HC-adsorbing adsorbent powder. In the thus-produced catalyst, HC is adsorbed to the coating 
layer in rich atmospheres, and is released therefrom in lean atmospheres and reacts with water vapor on the first pow- 
der. Therefore, the reaction between HC and water vapor readily occurs on the first powder to produce hydrogen not 
only in rich atmospheres but also in lean atmospheres. 

20 In an example method for producing an exhaust gas purifying catalyst containing such a HC-adsorbing adsorbent, 
the first powder is prepared by supporting or fixing Rh onto a HC-adsorbing adsorbent powder. The first powder is 
mixed with the second powder and the mixture is formed into pellets, thereby producing a desired catalyst in the form 
of pellets. In another example method, a monolithic base or a honeycomb base formed of a metal foil is coated with a 
slurry containing a mixture of the first and second powders as a main component, and the coated base is baked, 

25 thereby producing a desired catalyst. 

Furthermore, a mixture of the first powder containing no such HC-adsorbing adsorbent, the second powder and a 
HC-adsorbing adsorbent powder, may be formed into pellets or a coating layer. 

Further, After a monolithic base is coated with a HC-adsorbing adsorbent, a mixture of the first powder and the sec- 
ond powder may be supported on the coating layer. To support the first powder and second powder on the HC adsorb- 

30 ent, various methods may be employed, for example: a deposition method in which zeolite is suspended in an aqueous 
solution of a zirconium salt or an aluminum salt, and an alkali is added to shift the pH to a base side so that precipitation 
occurs on the zeolite; a sol-gel method in which an alkoxide of zirconium or aluminum is hydrolyzed so that the hydrox- 
ide of zirconium or aluminum is supported on zeolite, and the like 

Normally, exhaust gas purifying catalysts are provided in the form of a honeycomb, wherein a cordierite or metal- 

35 made honeycomb base is coated with a support material, such as alumina, and the coating layer supports a catalytic 
metal or a NOx adsorbent. 

A conventional mainstream method for supporting a noble metal in a catalyst is an adsorption-support method in 
which a base having a coating layer is dipped into an aqueous solution of a noble metal compound, and then pulled up, 
dried and baked. In the adsorption-support method, noble metal ions in the aqueous solution are fixed in a surface por- 
40 tion of the coating layer, so that substantially no noble metal ions are contained in the aqueous solution that penetrates 
into an interior portion. Therefore, noble metal is supported only in a surface layer of the coating layer. This is favorable 
in view of catalytic reactions. 

However, in the above-described catalyst wherein Rh and the NOx adsorbent are supported apart from each other, 
the noble metal and the NOx adsorbent are each supported on powder, and the powder is applied as a coating onto a 
45 base to form a desired catalyst. Therefore, the noble metal in this separate-support catalyst is supported uniformly in 
the entire coating layer. Since noble metal supported in an interior portion of the coating layer may not be fully used, it 
is desirable to provide a measure for more effective use of noble metal supported in the separate-support catalyst. 

Therefore, in an exhaust gas purifying catalyst including a base member, a coating layer formed on a surface of the 
base member, and Rh, Pt and an NOx adsorbent that are supported in the coating layer, it is preferred that the coating 
so layer be formed of a mixture of a first powder formed of porous particles carrying Rh and a second powder formed of 
porous particles carrying Pt and the NOx adsorbent, and that the concentration of Pt supported in a surface portion of 
the coating layer be higher than that in an interior portion of the coating layer. 

With the concentration of Pt supported in a surface portion being higher than that in an interior portion, the proba- 
bility of contact between Pt and exhaust gas components increases, so that reaction efficiency increases and, there- 
55 fore, the exhaust gas purifying performance further improved. 

More specifically, in a lean atmosphere, NO approaches a surface of the catalyst, and becomes oxidized by Pt 
present in a surface layer into NOx, and enters an interior portion of the catalyst, where it is adsorbed by the NOx 
adsorbent. At the time of a rich pulse, hydrogen is produced by the water vapor reforming reaction with Rh, and NOx is 
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released from the NOx adsorbent When NOx passes through the surface layer toward the surface, NOx reacts with 
hydrogen by the catalytic reaction of Pt. Thus, NOx is reduced to N 2 , and N 2 is discharged. Therefore, the efficiency of 
using HC at the time of rich pulses further improves, and the NOx removing performance further improves. Although 
SOx may strongly bind with the NOx adsorbent, such SOx is released by reduction with hydrogen, so that the NOx 
5 adsorbent regains the original NOx adsorbing capacity. Therefore, the NOx removing performance further improves. 

The amount of Pt supported in a surface portion of the coating layer is preferably in the range of 0. 1 -1 0 g and, more 
preferably, in the range of 0.1-2 g, relative to 120 g of the porous particles in the entire catalyst. If the amount of Pt is 
less than 0.1 g relative to 120 g of the porous particles, no substantial effect of a higher Pt concentration in the surface 
portion is achieved. If the amount of Pt is higher than 2 g, no further significant improvement of the effect may not be 
10 achieved and, in some cases, a cost problem may result. 

"me amount of Pt supported in the entire catalyst may be approximately equal to the amount of Pt supported in con- 
ventional catalysts, thereby preventing a considerable cost increase. For example, the amounts of Pt supported in the 
second powder and the surface layer may be in the range of 0.1-10 g in total relative to 120 g of the porous particles in 
the entire catalyst, and may be varied within the range of 0-10 g and the range of 10-0 g, respectively. 
15 Rh may be supported not only in the first powder but also in a surface layer of the coating layer. In this case, the 
amount of Rh supported in the surface layer is preferably not more than 10% relative to the weight of Pt supported in 
the surface layer. If the amount of Rh in the surface layer exceeds 10%, the oxidizing performance of Pt supported in a 
higher concentration in the surface layer decreases, so that the NOx removing performance decreases. 

The NOx adsorbent may also be supported in a surface layer of the coating layer. In this case, the NOx adsorbent 
20 is preferably an alkali metal achieving a high NOx adsorbing capacity in a small amount. The amount of the NOx 
adsorbent in the surface layer is preferably in the range of 0-5 moles and, more preferably, in the range of 0.1-0.5 mole, 
relative to 120 g of the porous particles in the entire catalyst If the amount of the NOx adsorbent in the surface layer is 
excessively large, the exhaust gas purifying performance of the precious metal may significantly decreases. 

To produce an exhaust gas purifying catalyst as described above, the first powder carrying Rh and the second pow- 
25 der carrying Pt and the NOx adsorbent are mixed, and a slurry containing the mixture as a main component is applied 
as a coating onto a cordierite or metal foil-made honeycomb base. The coated honeycomb base is baked, thereby form- 
ing coating layers. The baked honeycomb base is dipped into and pulled up from an aqueous solution containing at 
least Pt, and then dried and baked, thereby producing a desired catalyst. 

When the aqueous solution containing Pt contacts the coating layer, Pt ions in the solution adsorbs mainly to a sur- 
30 face layer of the coating layer, and substantially no Pt ion remains in the solution penetrating into an interior portion. 
Therefore, Pt is supported in the surface layer in a concentrated manner, so that the concentration of Pt supported in 
the surface layer becomes higher than that in the interior portion. 

In the exhaust gas purifying catalyst of the invention, HC and CO are oxidized on Pt in lean atmospheres containing 
excessive amounts of oxygen. Simultaneously, there occur the first step wherein NO in exhaust gas is oxidized into NOx 
35 and the second step wherein NOx is adsorbed by the NOx adsorbent. Since Pt and the NOx adsorbent are supported 
adjacent to each other and Rh is supported apart from Pt the problem of a reduction in the oxidizing performance of Pt 
due to the presence of Rh in proximity does not arise. Therefore, the first and second steps smoothly proceed. 

Upon a temporary change to a stoichiometric-rich atmosphere, NOx is released from the NOx adsorbent and 
reacts with HC and CO in exhaust gas by the catalytic reactions of Pt and Rh. NOx, and HC and CO are thus removed 
40 by reduction and oxidation. 

In the exhaust gas purifying catalyst of the invention, NO is oxidized into N0 2 on Pt in the second powder, and NOx 
is rapidly adsorbd by the NOx adsorbent supported adjacent to Pt, in a lean atmosphere containing an excessive 
amount of oxygen. Since Pt and Rh are supported apart from each other, inhibition of the oxidizing performance of Pt 
by Rh is prevented and, therefore, NO is smoothly converted into N0 2 . Furthermore, since the NOx adsorbent is sup- 
45 ported apart from Rh, the deterioration of the NOx removing performance is prevented. Therefore, NOx is smoothly 
adsorbed by the NOx adsorbent and thereby prevented from being released to outside. HC and CO in exhaust gas react 
with oxygen present in an excessive amount by catalytic reactions of Pt and Rh. HC and CO are thus readily removed 
by oxidation. 

When the atmosphere is changed to a stoichiometric-rich atmosphere, NOx is released from the NOx adsorbent, 
so and reacts with HC and CO in the exhaust gas by the catalytic reactions of Pt and Rh and, in addition, reacts with hydro- 
gen produced on the second powder, thereby turning into N 2 . Thus. NOx is removed by reduction. Even if Pt particle 
growth occurs so that the reducing power decreases, the great reducing power of Rh still efficiently removes NOx by 
reduction. 

HC in exhaust gas adsorbs to and accumulates on the HC-adsorbing adsorbent in a stoichiometric-rich atmos- 
55 phere. When the atmosphere becomes a lean atmosphere containing an excessive amount of oxygen, HC is released 
from the HC-adsorbing adsorbent, and reacts with water vapor to produce hydrogen, which in turn reduces NOx and, 
further, reduces the sulfur-poisoned NOx adsorbent. Therefore, the NOx adsorbing capacity is recovered. Since SOx is 
reduced by hydrogen, further sulfur-poisoning of the NOx adsorbent is prevented. 
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Therefore, the exhaust gas purifying catalyst of the invention is able to produce hydrogen not only in rich atmos- 
pheres but also in lean atmospheres, thereby considerably improving the NOx removing performance. 

The porous particles, whether for the first powder or the second powder, may be selected from alumina, silica, tita- 
nia, zirconia, silica-alumina, zeolite and the like. Any one or more of these materials may be selected. If more than one 
5 materials are selected, they may be used in a mixture or a composite form. In view of heat resistance, and the good 
compatibility of zirconia with Rh, it is preferred that zirconia is used for the first powder and alumina is used for the sec- 
ond powder. If zirconia is used for the first powder, the water vapor reforming reaction of Rh remarkably improves. 

The particle diameter of the porous particles of the first and second powders is preferably within the range of 1 -1 00 
iim. If the particle diameter is smaller than 1 ^m, it becomes difficult to achieve the effect of the separate supporting of 
w Rh and Pt. If the particle diameter is larger than 1 00 \um. the interreaction between the first powder and the second pow- 
der is inconveniently reduced. 

The amount of Rh supported in the first powder is preferably within the range of 0.05-20 g relative to 120 g of the 
porous particles. If the amount of Rh supported is less than 0.05 g relative to 1 20 g of the porous particles, the durability 
deteriorates. If it is more than 20 g relative to 1 20 g, no further improvement of the effect is achieved and a cost increase 
is may result. A particularly preferred range of the amount of Rh supported in the first powder is 0. 1 -1 0 g relative to 1 20 
g of the porous particles. It is also possible to support palladium (Pd), iridium (Ir) or the like in the first powder, in addition 
to Rh. The amount of such material may be determined such that the total amount, including the amount of Rh, is within 
the aforementioned range. 

The amount of Pt supported in the second powder is preferably within the range of 0.1 -1 0 g relative to 120 g of the 

20 porous particles. If the amount of Pt supported is less than 0.1 g relative to 120 g of the porous particles, the removing 
rates for HC, CO and NOx decrease. If it is more than 10 g relative to 120 g, no further improvement of the effect is 
achieved and a cost increase may result. It is also possible to support Pd in the second powder, in addition to Pt. Pref- 
erably, the amount of Pd is determined such that the total amount of Pt and Pd is within the range of 0.1-10 g relative 
to 120 g of the porous particles. 

25 The NOx adsorbent may be formed of at least one element selected from alkaline metals, alkaline earth metals and 
rare earth metals. Examples of the alkali metals include lithium (Li), sodium (Na), potassium (K), cesium (Cs), and the 
like. The alkaline earth metals refer to elements of the 2A family according to the periodic table. Examples of the alka- 
line earth metals include magnesium (Mg), calcium (Ca), strontium (Sr), barium (Ba), and the like. Examples of the rare 
earth metals include lanthanum (La), cerium (Ce), praseodymium (Pr), and the like. 

30 The amount of the NOx adsorbent supported in the second powder is preferably within the range of 0.05-3 moles 
relative to 1 20 g of the porous particles. If the amount of the NOx adsorbent in the second powder is less than 0.05 mole 
relative to 120 g of the porous particles, the NOx removing rate decreases. If the amount is more than 3 moles relative 
to 120 g of the porous particles, no further improvement is achieved. A particularly preferred range of the amount of the 
NOx adsorbent in the second powder is 0.05-0.5 mole relative to 120 g of the porous particles. 

35 The mixing ratio between the first powder and the second powder is preferably within the range of first powder : sec- 
ond powder = 0.05:1 to 1:1, on the basis of weight ratio between Rh and Pt or the total weight of Pt and Pd. If alumina 
is used as the porous particles of both the first powder and the second powder, the mixing ratio is preferably within the 
range of first powder : second powder = 0.1 :1 to 2:1 , on an alumina weight ratio basis. If the mixing ratio is outside these 
ranges, there may occur problems similar to those caused by inappropriate amounts of Rh and Pt. 

40 To form an exhaust gas purifying catalyst from a mixture of the first powder and the second powder, the mixture 
may be formed into pellets by a standard method, thereby producing a catalyst in the form of pellets. Furthermore, a 
slurry containing a mixture of the first and second powders as a main component may be applied as a coating onto a 
cordierite or metal foil-formed honeycomb base, which is then baked to produce a monolithic catalyst. 

In the exhaust gas purifying method of the invention, HC and CO are removed by oxidation on Pt in the second 

45 powder in a lean atmosphere containing an excessive amount of oxygen. Simultaneously, NO is oxidized into NOx, 
which is rapidly adsorbed by the NOx adsorbent supported adjacent to Pt. Since Pt is supported apart from Rh, inhibi- 
tion of the oxidizing performance of Pt by Rh is prevented and, therefore, NO is smoothly converted into NOx. Further- 
more, since the NOx adsorbent is supported apart from Rh, the deterioration of the NOx removing performance is 
prevented. Therefore, NOx is smoothly adsorbed by the NOx adsorbent and thereby prevented from being released to 

so outside. HC and CO in exhaust gas react with oxygen present in an excessive amount by catalytic reactions of Pt and 
Rh. HC and CO are thus readily removed by oxidation. 

When the atmosphere is temporarily changed to a stoichiometric-rich atmosphere, NOx is released from the NOx 
adsorbent, and reacts with HC and CO in the exhaust gas by the catalytic reactions of Pt and Rh and, in addition, reacts 
with hydrogen produced through the reactions of formulas (1) and (2), which are accelerated by at least one element 

55 selected from Co, Fe and Ni. NOx is thereby reduced into N 2 . Even if Pt particle growth occurs so that the reducing 
power decreases, the great reducing power of Rh still efficiently removes NOx by reduction. 
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EXAMPLES 

The invention will be further described in detail with reference to Examples and Comparative Examples, and the 
accompanying drawings. 

(1) Examples of First Series 

EXAMPLE 1 

(Preparation of First Powder) 

Alumina powder having an average particle diameter of 5 ^im was impregnated with a predetermined amount of a 
rhodium nitrate aqueous solution of a predetermined concentration, and then dried at 1 10 °C for 3 hours, and baked at 
250 °C for 2 hours, thereby supporting Rh in the alumina powder. As for the amount of Rh supported, four different lev- 
els were selected, that is, 0.1 g, 0.5 g, 1 .0 g and 2.0 g relative to 120 g of the alumina powder. Thus, four types of the 
first powders were prepared. 

(Preparation of Second Powder) 

Alumina powder having an average particle diameter of 5 ^m was impregnated with a predetermined amount of a 
barium acetate aqueous solution of a predetermined concentration, and then dried at 1 10 °C for 3 hours, and baked at 
500 °C for 2 hours, thereby supporting Ba in the alumina powder. The amount of Ba supported was 0.4 mole relative to 
120 g of the alumina powder. 

Subsequently, the thus-obtained Ba-carrying alumina powder was impregnated with a 15-g/L ammonium bicarbo- 
nate aqueous solution, and then dried at 1 10 °C for 3 hours. Thereby, Ba was converted into barium carbonate and sup- 
ported uniformly in the alumina powder. 

The Ba/alumina powder was impregnated with a predetermined amount of a dinitrodiammine platinum nitrate 
aqueous solution of a predetermined concentration, and dried at 1 10 °C for 3 hours, and then dried at 250 °C for 2 
hours, thereby supporting Pt in the powder. The amount of Pt supported was 2.0 g relative to 1 20 g of the alumina pow- 
der. The second powder was thus prepared. 

(Preparation of Catalyst) 

Equal amounts of the first powder and the second powder by weight ratio were uniformly mixed, and then formed 
into pellets by a standard method, thereby four types of pellet catalysts were prepared. The structure of the pellet cat- 
alysts is schematically shown in Fig. 1 . 

(Evaluation Test) 

The obtained pellet catalyst of each type was disposed in an evaluation test device, and model gases described in 
Table 1 were passed through. More specifically, a rich model gas and a lean model gas were alternately allowed to flow 
at an in-coming gas temperature of 350 °C, at a flow rate of 2 L/min for two minutes respectively. The transitional NO 
removing rate of each catalyst was determined from the difference between the NO concentration in the gas coming in 
to the catalyst and the NO concentration in the gas going out from the catalyst. Results are indicated in Fig. 2. 



Table 1 



Atmosphere 


0 2 


NO 


C3H6 


CO 


H 2 


He 


Rich 


0.25% 




710ppm 


1.06% 


0.25% 


balance 


Lean 


7.9% 


570ppm 


1200ppm 


0.19% 


0.05% 


balance 



Endurance test was performed by allowing endurance rich and lean model gases shown in Table 2 to flow for 10 
hours at an in-coming gas temperature of 800 °C while switching between the two gases in a pattern of 1 minutes for 
the rich gas and 4 minutes for the lean gas. After that, the transitional NO removing rates were determined in the man- 
ner described above. Results are indicated in Fig. 3. 
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Table 2 



Atmos-phere 


0 2 


NO 


C3H5 


CO 


H 2 


H a O 


He 


Rich 


0.16% 


0.15% 


650ppm 


0.70% 


0.20% 


3% 


balance 


Lean 


7.9% 


0.14% 


620ppm 


780ppm 




3% 


balance 



EXAMPLE 2 

Four types of the first powders were prepared in substantially the same manner as in Example 1 , except that zirco- 
nia powder having an average particle diameter of 5 ^m was used instead of the alumina powder. The first powder of 
each type was mixed with the second powder substantially the same as in Example 1 , thereby preparing four types of 
pellet catalysts. 

Using 2.0 g of each of the obtained pellet catalysts of Example 2, the NO removing rates during an initial period 
and after the endurance test were determined substantially in the same manner as in Example 1 . Results are indicated 
in Figs. 2 and 3. 

COMPARATIVE EXAMPLE 1 

Fig. 4 schematically illustrates the structure of an exhaust gas purifying catalyst of Comparative Example 1 . 

(Preparation of Powder) 

Alumina powder having an average particle diameter of 5 was impregnated with a predetermined amount of a 
barium acetate aqueous solution of a predetermined concentration, and then dried at 1 10 °C for 3 hours, and baked at 
500 °C for 2 hours, thereby supporting Ba in the alumina powder. The amount of Ba supported was 0.2 mole relative to 
120 g of the alumina powder. 

Subsequently, the thus-obtained Ba-carrying alumina powder was impregnated with a 15-g/L ammonium bicarbo- 
nate aqueous solution, and then dried at 1 1 0 °C for 3 hours. Thereby, Ba was converted into barium carbonate and sup- 
ported uniformly in the alumina powder. 

The Ba/alumina powder was impregnated with a predetermined amount of a dinitrodiammine platinum nitrate 
aqueous solution of a predetermined concentration, and dried at 110 °C for 3 hours, and then dried at 250 °C for 2 
hours, thereby supporting Pt in the powder. The amount of Pt supported was 1 .0 g relative to 1 20 g of the alumina pow- 
der. 

Subsequently, the obtained Pt-carrying Ba/alumina powder was impregnated with a predetermined amount of a 
rhodium nitrate aqueous solution of a predetermined concentration, and then dried at 1 10 °C for 3 hours, and baked at 
250 °C for 2 hours, thereby supporting Rh in the powder. As for the amount of Rh supported, four different levels were 
selected, that is, 0.05 g, 0.25 g, 0.5 g and 1 .0 g relative to 120 g of the alumina powder. Thus, four types of the catalyst 
powders were prepared. 

(Preparation of Catalyst) 

Each type of catalyst powder was formed into pellets by the standard method, thereby preparing four types of pellet 
catalysts. Using the obtained pellet catalysts of Comparative Example 1, the NO removing rates both during an initial 
period and after the endurance test were determined substantially in the same manner as in Example 1. Results are 
indicated in Figs. 2 and 3. 

(Evaluation) 

As indicated from Figs. 2 and 3, the NO removing rate decreased as the amount of Rh supported increased in 
Comparative Example 1, whereas in Examples 1 and 2, the NO removing rate increased as the amount of Rh sup- 
ported increased. It is clear that this difference was achieved due to the separate supporting of Rh and Pt in Examples 
1 and 2. 

Furthermore, it is also indicated that as the porous particles of the first powder, the zirconia powder (Example 2) 
exhibited a higher NO removing rate than the alumina powder (Example 1). 

This tendency is similarly indicated in Figs. 2 and 3 although the difference in Fig. 3 is smaller than that in Fig. 2. 
That is, it is clearly indicated that the exhaust gas purifying catalysts of these examples exhibited high NO removing 



10 



EP0 852 966 A1 



rates both during the initial period and after the endurance test. 

Although in the foregoing examples, the pellet catalysts were formed and investigated, it should be apparent that a 
monolithic catalyst formed by coating a cordierite or metal foil-formed honeycomb base with a coating layer containing 
a mixture of the first powder and the second powder as a main component will achieve substantially the same advan- 
5 tages as achieved by the pellet catalysts. 

(2) Example of Second Series 

EXAMPLE 3 

10 

(Preparation of First Powder) 

Alumina powder having an average particle diameter of 5 ^im was impregnated with a predetermined amount of a 
rhodium nitrate aqueous solution of a predetermined concentration, and then dried at 1 10 °C for 3 hours, and baked at 
75 250 °C for 2 hours, thereby supporting Rh in the alumina powder. The amount of Rh supported was 0.3 g relative to 120 
g of the alumina powder. 

(Preparation of Second Powder) 

20 Alumina powder having an average particle diameter of 5 \i was impregnated with a predetermined amount of a 
barium acetate aqueous solution of a predetermined concentration, and then dried at 1 10 °C for 5 hours, and baked at 
500 °C for 2 hours, thereby supporting Ba in the alumina powder. The amount of Ba supported was 0.3 mole relative to 
120 g of the alumina powder. 

Subsequently, the thus-obtained Ba-carrying alumina powder was impregnated with 1 .2 L of a 15-g/L ammonium 

25 bicarbonate aqueous solution, and then dried at 1 1 0 °C for 5 hours. Thereby, Ba was converted into barium carbonate 
and supported uniformly in the alumina powder. 

The Ba/alumina powder was impregnated with a predetermined amount of a dinitrodiammine platinum nitrate 
aqueous solution of a predetermined concentration, and dried at 1 10 °C for 2 hours, and then baked at 400 °C for 2 
hours, thereby supporting Pt in the powder. The amount of Pt supported was 2.0 g relative to 120 g of the alumina pow- 

30 der. The second powder was thus prepared. 

(Supporting of Transition Metal) 

Equal amounts of the first powder and the second powder were mixed. The mixed powder was impregnated with a 
35 cobalt nitrate aqueous solution, and dried at 1 1 0 °C for 5 hours and then baked at 400 °C at 2 hours, thereby supporting 
Co in the powder. The amount of Co supported was 0.1 mole relative to 120 g of the mixed powder. 

The obtained powder was formed into pellets by the standard method, thereby preparing a catalyst of Example 3. 
Fig. 5 schematically illustrates the structure of the pellet catalyst. 

40 (Evaluation Test) 

The obtained pellet catalyst was disposed in an evaluation test device, and the model gases described in Table 1 
were passed through. More specifically, the rich model gas and the lean model gas were separately allowed to flow at 
an in-coming gas temperature of 350 °C, at a flow rate of 2 L7min. The amount of NO adsorbed and the amount of NO 

45 reduced were determined for each catalyst from the difference between the NO concentration in the gas coming in to 
the catalyst and the NO concentration in the gas going out from the catalyst. Results are shown in Table 4. 

Endurance test was performed by allowing endurance rich and lean model gases shown in Table 3 to flow for 8 
hours at an in-coming gas temperature of 600 °C while switching between the two gases in a pattern of 1 minutes for 
the rich gas and 4 minutes for the lean gas. After that, the amount of sulfur-poisoning (S-poisoning) was determined 

so from the element quantitative analysis of each catalyst after the endurance test. Using the catalyst after the endurance 
test, the amount of NO adsorbed and the amount of NO reduced were determined in the manner as described above. 
Results are shown in Table 4. 
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Table 3 



Atmos-phere 


0 2 % 


NO% 


^3^6 PP m 


CO 


H 2 % 


S0 2 ppm 


H 2 0 % 


N 2 


Rich 


0.16 


0.15 


650 


0.70% 


0.20 


160 


3 


balance 


Lean 


7.9 


0.14 


620 


780ppm 




160 


3 


balance 



EXAMPLE 4 

10 

A mixed powder was prepared substantially in the same manner as in Example 3, using a first powder substantially 
the same as in Example 3 and a second powder that was prepared substantially the same manner as in Example 3, 
except that a mixed aqueous solution of barium acetate and cobalt nitrate was used instead of the barium acetate aque- 
ous solution. The mixed powder was directly used to form a pellet catalyst of Example 4. The amounts of Ba and Co in 
is the second powder were 0.3 mole and 0. 1 mole, respectively relative to 1 20 g of the alumina powder 

Using the obtained pellet catalyst of Example 4, the amount of NO adsorbed and the amount of NO reduced and 
the amount of sulfur-poisoning both during the initial period and after the endurance test were determined in substan- 
tially the same as in Example 3. Results are shown in Table 4. 

20 EXAMPLE 5 

Alumina powder having an average particle diameter of 5 jim was impregnated with a predetermined amount of a 
cobalt nitrate aqueous solution of a predetermined concentration, and then dried at 1 10 °C for 5 hours, and baked at 
500 °C for 2 hours. The amount of Co supported was 0. 1 mole relative to 1 20 g of the alumina powder. The Co-carrying 
25 alumina powder was impregnated with a predetermined amount of a rhodium nitrate aqueous solution of a predeter- 
mined concentration, and dried at 1 10 °C for 3 hours and then baked at 250 °C for 2 hours, thereby preparing the first 
powder. 

Using the thus-prepared first powder and the second powder prepared substantially in the same manner as in 
Example 3, a mixed powder was prepared substantially in the same manner as in Example 3. The mixed powder was 
30 directly used to prepare a pellet catalyst of Example 5. 

Using the obtained pellet catalyst of Example 5, the amount of NO adsorbed and the amount of NO reduced and 
the amount of sulfur-poisoning both during the initial period and after the endurance test were determined in substan- 
tially the same as in Example 3. Results are shown in Table 4. 

35 COMPARATIVE EXAMPLE 2 

Alumina powder having an average particle diameter of 5 urn was impregnated with a predetermined amount of a 
barium acetate aqueous solution of a predetermined concentration, and then dried at 1 10 °C for 3 hours, and baked at 
500 °C for 2 hours, thereby supporting Ba in the alumina powder. The amount of Ba supported was 0.3 mole relative to 
40 1 20 g of the alumina powder. 

Subsequently, the thus-obtained Ba-carrying alumina powder was impregnated with a 15-g/L ammonium bicarbo- 
nate aqueous solution, and then dried at 1 1 0 °C for 3 hours. Thereby, Ba was converted into barium carbonate and sup- 
ported uniformly in the alumina powder. 

The Ba/alumina powder was impregnated with a predetermined amount of a dinitrodiammine platinum nitrate 
45 aqueous solution of a predetermined concentration, and dried at 1 10 °C for 3 hours, and then dried at 250 °C for 2 
hours, thereby supporting Pt in the powder. The amount of Pt supported was 2.0 g relative to 120 g of the alumina pow- 
der. 

Subsequently, the obtained Pt-carrying Ba/alumina powder was impregnated with a predetermined amount of a 
rhodium nitrate aqueous solution of a predetermined concentration, and then dried at 1 10 °C for 3 hours, and baked at 
so 250 °C for 2 hours, thereby supporting Rh in the powder. The amount of Rh supported was 0.3 g relative to 120 g of the 
alumina powder. 

The obtained catalyst powder was formed into pellets by the standard method, thereby preparing a pellet catalyst 
of Comparative Example 2. Using the obtained pellet catalyst of Comparative Example 2, the amount of NO adsorbed 
and the amount of NO reduced and the amount of sulfur-poisoning both during the initial period and after the endurance 
55 test were determined in substantially the same as in Example 3. Results are shown in Table 4. 
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Table 4 





NO adsorbd ((10 4 mole) 


NO reduced ((10" 4 mole) 


S-ooisonina after 

^/V'VUI III l\j vlilvi 

endurance test 
(wt.%) 




Initial period 


After endurance test 


Initial period 


After endurance test 




Ex.3 


1.6 


1.4 


0.43 


0.32 


0.58 


Ex.4 


1.7 


1.5 


0.45 


0.33 


0.42 


Ex.5 


1.7 


1.5 


0.44 


0.31 


0.44 


Com. Ex. 2 


1.7 


1.2 


0.46 


0.20 


1.04 



As can be seen in Table 4, the catalysts of the examples improved in the amount of NO adsorbed and the amount 
of NO reduced after the endurance test, compared with Comparative Example 2. Particularly, the improvement in the 
amount of NO reduced was great. Furthermore, it can be seen that the catalyst of the examples considerably reduced 
the sulfur-poisoning, compared with Comparative Example 2. 

That is, it is clear that the exhaust gas purifying catalysts of the examples achieved high NO removing rates both 
during the initial period and after the endurance test. 

Although the above examples have been described in conjunction with employment of Co as a promoter, it should 
be noted that employment of Fe or Nl as a single component, instead of Co, or combinations of two or three compo- 
nents, achieved substantially the same results. 

Although the examples have been described in conjunction with the pellet catalysts, it should be apparent that a 
monolithic catalyst formed by coating a cordierite or metal foil-formed honeycomb base with a coating layer containing 
a mixture of the first powder and the second powder as a main component will achieve substantially the same advan- 
tages as achieved by the pellet catalysts. 

(3) Examples of Third Series 

EXAMPLE 6 

(Preparation of First Powder) 

1200 g of zirconia powder having an average particle diameter of 5 ^m was impregnated with a predetermined 
amount of a rhodium nitrate aqueous solution of a predetermined concentration, and then dried at 1 10 °C for 3 hours, 
and baked at 250 °C for 2 hours, thereby supporting Rh in the powder. The amount of Rh supported was 3.0 g relative 
to 720 g of the zirconia powder. 

(Preparation of Second Powder) 

Alumina powder having an average particle diameter of 5 |im was impregnated with a predetermined amount of a 
barium acetate aqueous solution of a predetermined concentration, and then dried at 1 10 °C for 3 hours, and baked at 
500 °C for 2 hours, thereby supporting Ba in the alumina powder. The amount of Ba supported was 2 moles relative to 
1200 g of the alumina powder. 

Subsequently, the thus-obtained Ba-carrying alumina powder was impregnated with 5 L of a 20-g/L ammonium 
bicarbonate aqueous solution, and then dried at 1 10 °C for 3 hours. Thereby, Ba was converted into barium carbonate 
and supported uniformly in the alumina powder. 

The Ba/alumina powder was impregnated with a predetermined amount of a dinitrodiammine platinum nitrate 
aqueous solution of a predetermined concentration, and dried at 110 °C for 3 hours, and then dried at 250 °C for 2 
hours, thereby supporting Pt in the powder. The amount of Pt supported was 20 g relative to 1 200 g of the alumina pow- 
der. 

The obtained Ba-Pt/alumina powder was impregnated with a predetermined amount of a rhodium nitrate aqueous 
solution of a predetermined concentration, and dried at 110 °C for 3 hours, and then baked at 250 °C for 2 hours, 
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thereby supporting Rh in the powder. The amount of Rh supported was 1% by weight relative to the amount of Pt sup- 
ported, and 0.2 g relative to 1200 g of the alumina powder. The second powder was thus prepared. 

Results of an X-ray diffrreaction analysis verified that Pt and Rh were in the form of a solid solution in the second 
powder. 

5 

(Preparation of Catalyst) 

240 parts by weight of the first powder and 320 parts by weight of the second powder were uniformly mixed, and 
further mixed with 235 parts by weight of a 40-wt.% aluminum nitrate nonahydrate aqueous solution, 15 parts by weight 

10 of an alumina-based binder and 540 parts by weight of water, thereby preparing a slurry. A prepared cordierite-made 
honeycomb base member was dipped into the slurry, and pulled up therefrom. After an extraneous amount of slurry was 
blown off, the honeycomb base was dried and baked, thereby forming coating layers. A honeycomb catalyst was 
thereby prepared. The coating layer formed was 290 g relative to 1 liter of the honeycomb base member. The amount 
of Rh supported relative to 1 litter of the honeycomb base member was 0.15 g in the first powder and 0.01 g in the sec- 

15 ond powder. 

Fig. 6 schematically illustrates the structure of a coating layer of the honeycomb catalyst. Referring to Fig. 6. parti- 
cles of the first powder (zirconia powder) 1 support Rh 2, and particles of the second powder (Ba/alumina powder) 3 
support a Pt/Rh solid solution 4. 

20 (Evaluation Test) 

The obtained honeycomb catalyst was disposed in an evaluation test device, and the model gases described in 
Table 1 were passed through. More specifically, the rich model gas and the lean model gas were alternately allowed to 
flow at an in-coming gas temperature of 350 °C, at a flow rate of 2 L/min for two minutes respectively. The transitional 
25 NO removing rate of the catalyst was determined from the difference between the NO concentration in the gas coming 
in to the catalyst and the NO concentration in the gas going out from the catalyst. Results are indicated in Fig. 7. 

Endurance test was performed by allowing the endurance rich and lean model gases shown in Table 2 to flow for 
10 hours at an in-coming gas temperature of 800 °C while switching between the two gases in a pattern of 1 minutes 
for the rich gas and 4 minutes for the lean gas. After that, the transitional NO removing rates were determined in the 
30 manner described above. Results are indicated in Fig. 8. 

EXAMPLE 7 

The second powder was prepared substantially in the same manner as in Example 6, except that the amount of Rh 
35 supported was 2.5% by weight relative to the amount of Pt supported, that is, 0.5 g relative to 1200 g of the alumina 
powder. The second powder was mixed with the first powder substantially the same as the first powder in Example 6, 
in substantially the same manner as in Example 6, thereby preparing a honeycomb catalyst. The amount of Rh sup- 
ported relative to 1 litter of the honeycomb base member was 0.15 g in the first powder and 0.025 g in the second pow- 
der. 

40 Using the obtained honeycomb catalyst of Example 7, the NO removing rates both during the initial period and after 
the endurance test were determined substantially in the same manner as in Example 6. Results are indicated in Figs. 
7 and 8. 

EXAMPLE 8 

45 

The second powder was prepared substantially in the same manner as in Example 6, except that the amount of Rh 
supported was 5% by weight relative to the amount of Pt supported, that is, 1 g relative to 1 200 g of the alumina powder. 
The second powder was mixed with the first powder substantially the same as the first powder in Example 6, in sub- 
stantially the same manner as in Example 6, thereby preparing a honeycomb catalyst. The amount of Rh supported rel- 
so ative to 1 litter of the honeycomb base member was 0.15 g in the first powder and 0.05 g in the second powder. 

Using the obtained honeycomb catalyst of Example 8, the NO removing rates both during the initial period and after 
the endurance test were determined substantially in the same manner as in Example 6. Results are indicated in Figs. 
7 and 8. 

55 EXAMPLE 9 

The second powder was prepared substantially in the same manner as in Example 6, except that the amount of Rh 
supported was 10% by weight relative to the amount of Pt supported, that is. 2 g relative to 1200 g of the alumina pow- 
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der. The second powder was mixed with the first powder substantially the same as thef irst powder in Example 6, in sub- 
stantially the same manner as in Example 6, thereby preparing a honeycomb catalyst. The amount of Rh supported 
relative to 1 litter of the honeycomb base member was 0.15 g in the first powder and 0.1 g in the second powder. 
Using the obtained honeycomb catalyst of Example 9, the NO removing rates both during the initial period and after 
5 the endurance test were determined substantially in the same manner as in Example 6. Results are indicated in Figs. 
7 and 8. 

COMPARATIVE EXAMPLE 3 

w The second powder was prepared substantially in the same manner as in Example 6, except that Rh was not sup- 
ported. The second powder was mixed with the first powder substantially the same as the first powder in Example 6, in 
substantially the same manner as in Example 6, thereby preparing a honeycomb catalyst. The amount of Rh supported 
relative to 1 litter of the honeycomb base member was 0.15 g in the first powder. 

Using the obtained honeycomb catalyst of Comparative Example 3, the NO removing rates both during the initial 

15 period and after the endurance test were determined substantially in the same manner as in Example 6. Results are 
indicated in Figs. 7 and 8. 

COMPARATIVE EXAMPLE 4 

20 The second powder was prepared substantially in the same manner as in Example 6, except that the amount of Rh 
supported was 20% by weight relative to the amount of Pt supported, that is, 4 g relative to 1200 g of the alumina pow- 
der. The second powder was mixed with the first powder substantially the same as thef irst powder in Example 6, in sub- 
stantially the same manner as in Example 6, thereby preparing a honeycomb catalyst. The amount of Rh supported 
relative to 1 litter of the honeycomb base member was 0.15 g in the first powder and 2.0 g in the second powder. 

25 Using the obtained honeycomb catalyst of Comparative Example 4, the NO removing rates both during the initial 
period and after the endurance test were determined substantially in the same manner as in Example 6. Results are 
indicated in Figs. 7 and 8. 

COMPARATIVE EXAMPLE 5 

30 

The second powder was prepared substantially in the same manner as in Example 6, except that the amount of Rh 
supported was 50% by weight relative to the amount of Pt supported, that is, 1 0 g relative to 1 200 g of the alumina pow- 
der. The second powder was mixed with the first powder substantially the same as the first powder in Example 6, in sub- 
stantially the same manner as in Example 6, thereby preparing a honeycomb catalyst. The amount of Rh supported 
35 relative to 1 litter of the honeycomb base member was 0.1 5 g in the first powder and 0.5 g in the second powder. 

Using the obtained honeycomb catalyst of Comparative Example 5, the NO removing rates both during the initial 
period and after the endurance test were determined substantially in the same manner as in Example 6. Results are 
indicated in Figs. 7 and 8. 

40- EXAMPLE 10 

(Preparation of First Powder) 

Alumina powder having an average particle diameter of 5 ^m was impregnated with a predetermined amount of a 
45 rhodium nitrate aqueous solution of a predetermined concentration, and then dried at 1 10 °C for 3 hours, and baked at 
250 °C for 2 hours, thereby supporting Rh in the alumina powder. As for the amount of Rh supported, four different lev- 
els were selected, that is, 0.1 g, 0.5 g, 1 .0 g and 2.0 g relative to 120 g of the alumina powder. Thus, four types of the 
first powders were prepared. 

so (Preparation of Second Powder) 

Alumina powder having an average particle diameter of 5 nm was impregnated with a predetermined amount of a 
barium acetate aqueous solution of a predetermined concentration, and then dried at 1 10 °C for 3 hours, and baked at 
500 °C for 2 hours, thereby supporting Ba in the alumina powder. The amount of Ba supported was 0.3 mole relative to 
55 120 g of the alumina powder. 

Subsequently, the thus-obtained Ba-carrying alumina powder was impregnated with a 15-g/L ammonium bicarbo- 
nate aqueous solution, and then dried at 1 10 °C for 3 hours. Thereby, Ba was converted into barium carbonate and sup- 
ported uniformly in the alumina powder. 
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The Ba/alumina powder was impregnated with a predetermined amount of a dinitrodiammine platinum nitrate 
aqueous solution of a predetermined concentration, and dried at 1 10 °C for 3 hours, and then dried at 250 °C for 2 
hours, thereby supporting Pt in the powder. The amount of Pt supported was 2.0 g relative to 120 g of the alumina pow- 
der. The second powder was thus prepared. 

5 

(Preparation of Catalyst) 

Equal amounts of the first powder and the second powder by weight ratio were uniformly mixed, and then formed 
into honeycomb catalysts substantially in the same manner as in Example 6. The amounts of Rh supported relative to 
w 1 litter of the honeycomb catalystwere 0.05 g, 0.25 g, 0.5 g and 1 .0 g. 

Fig. 9 schematically illustrates the structure of a coating layer of the honeycomb catalysts. Referring to Fig. 9, par- 
ticles of the first powder (alumina powder) 5 support Rh 6, and particles of the second powder (Ba/alumina powder) 7 
supports Pt 8. Thus, Pt and Rh are supported apart from each other. 

Using the obtained honeycomb catalysts, the NO removing rates both during the initial period and after the endur- 
is ance test were determined substantially in the same manner as in Example 6. Results are indicated in Figs. 7 and 8. 

EXAMPLE 11 

Four types of the first powders were prepared in substantially the same manner as in Example 10, except that zir- 
20 conia powder having an average particle diameter of 5 jim was used instead of the alumina powder. The first powder 
of each type was mixed with the second powder substantially the same as in Example 1 0, thereby preparing four types 
of honeycomb catalysts. 

Using the obtained honeycomb catalysts of Example 1 1 , the NO removing rates during the initial period and after 
the endurance test were determined substantially in the same manner as in Example 6. Results are indicated in Figs. 
25 7 and 8. 

COMPARATIVE EXAMPLE 6 

Alumina powder having an average particle diameter of 5 urn was impregnated with a predetermined amount of a 
30 barium acetate aqueous solution of a predetermined concentration, and then dried at 1 10 °C for 3 hours, and baked at 
500 °C for 2 hours, thereby supporting Ba in the alumina powder. The amount of Ba supported was 0.3 mole relative to 
120 g of the alumina powder. 

Subsequently, the thus-obtained Ba-carrying alumina powder was impregnated with a 15-g/L ammonium bicarbo- 
nate aqueous solution, and then dried at 1 1 0 °C for 3 hours. Thereby, Ba was converted into barium carbonate and sup- 
35 ported uniformly in the alumina powder. 

The Ba/alumina powder was impregnated with a predetermined amount of a dinitrodiammine platinum nitrate 
aqueous solution of a predetermined concentration, and dried at 110 °C for 3 hours, and then dried at 250 °C for 2 
hours, thereby supporting Pt in the powder. The amount of Pt supported was 2 g relative to 1 20 g of the alumina powder. 

Subsequently, the obtained Pt-carrying Ba/alumina powder was impregnated with a predetermined amount of a 
40 rhodium nitrate aqueous solution of a predetermined concentration, and then dried at 1 10 °C for 3 hours, and baked at 
250 °C for 2 hours, thereby supporting Rh in the powder. As for the amount of Rh supported, four different levels were 
selected, that is, 0.05 g, 0.25 g, 0.5 g and 1 .0 g relative to 1 20 g of the alumina powder. Thus, four types of the catalyst 
powders were prepared. 

Fig. 10 schematically illustrates the structure of the exhaust gas purifying catalysts (conventional type) of Compar- 
45 ative Example 6. Referring to Fig. 10, particles of the Ba/alumina powder 9 support Pt 10 and Rh 1 1 adjacent to each 
other. 

Each type of catalyst powder was formed into pellets by the standard method, thereby preparing four types of pellet 
catalysts. Using the obtained pellet catalysts of Comparative Example 6, the NO removing rates both during the initial 
period and after the endurance test were determined substantially in the same manner as in Example 6. Results are 
so indicated in Figs. 7 and 8. 

(Evaluation) 

As indicated from Figs. 7 and 8, the NO removing rate decreased as the amount of Rh supported increased in 
55 Comparative Example 6, whereas in Examples 10 and 1 1 , the NO removing rate increased as the amount of Rh sup- 
ported increased. It is clear that this difference was achieved due to the separate supporting of Rh and Pt in Examples 
10 and 11. 

Furthermore, it is also indicated that as the porous particles of the first powder, the zirconia powder (Example 1 1) 
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exhibited a slightly higher NO removing rate than the alumina powder (Example 10). 

This tendency is similarly indicated in Figs. 7 and 8 although the difference in Fig. 8 is smaller than that in Fig. 7. 
That is, it is clearly indicated that the exhaust gas purifying catalysts of Examples 10, 1 1 exhibited high NO removing 
rates both during the initial period and after the endurance test. 

Example 6-9 exhibited higher NO removing rates both during the initial period and after the endurance test than 
Examples 10, 1 1 , within ranges where the amount of Rh supported in the second powder is relatively small. Therefore, 
it is clearly indicated that the supporting a predetermined amount of Rh in the second powder together with Pt improves 
the NOx purifying performance. 

It is also indicated that if no Rh is supported in the second powder or if Rh is supported in the second powder in an 
amount of 0.2 g/L or more as in Comparative Examples 3-5, the NO removing rate becomes inconveniently lower than 
Examples 10,11. Thus, lack of Rh in the second powder or excessive amounts of Rh supported in the second powder 
is disadvantageous. 

(4) Examples of Fourth Series 

TEST EXAMPLE 

With respect to various catalysts wherein different types of porous particles carried Rh, the amount of hydrogen 
produced in a rich atmosphere and a lean atmosphere was investigated. 

(Rh/Zirconia Catalyst (Catalyst 1 )) 

120 g of zirconia powder was mixed into a predetermined amount of a rhodium nitrate aqueous solution of a pre- 
determined concentration. After being stirred for a predetermined length of time, the mixture was filtered, and then dried 
at 1 10 °C for 3 hours and baked at 400 °C for 1 hour, thereby supporting Rh in the powder. The amount of Rh supported 
was 0.5 g relative to 120 g of the zirconia powder. 

(Rh/Zirconia-Mordenite Catalyst (Catalyst 2)> 

60 g of mordenite 203 powder was suspended in a zirconium oxynitrate aqueous solution of a predetermined con- 
centration. The pH of the suspension was adjusted to 8 or higher by adding ammonia water. The suspension was fil- 
tered, and dried at 1 10 °C, and then baked at 500 °C for 1 hour, thereby preparing zirconia-mordenite powder in which 
60 g of zirconia was supported on 60 g of the mordenite 203 powder. 

120 g of the zirconia-mordenite powder was mixed into a rhodium nitrate aqueous solution of a predetermined con- 
centration. After being stirred for a predetermined length of time, the mixture was filtered, and then dried at 1 10 °C for 
3 hours and baked at 400 °C for 1 hour, thereby supporting Rh in the powder. The amount of Rh supported was 0.5 g 
relative to 120 g of the zirconia-mordenite powder. 

(Rh/Zirconia Y-type Zeolite Catalyst (Catalyst 3)) 

60 g of USY 41 0 powder was suspended in a zirconium oxynitrate aqueous solution of a predetermined concentra- 
tion. The pH of the suspension was adjusted to 8 or higher by adding ammonia water. The suspension was filtered, and 
dried at 1 10 °C, and then baked at 500 °C for 1 hour, thereby preparing zirconia Y-type zeolite powder in which 60 g of 
zirconia was supported on 60 g of the USY 410 powder. 

120 g of the zirconia Y-type zeolite powder was mixed into a rhodium nitrate aqueous solution of a predetermined 
concentration. After being stirred for a predetermined length of time, the mixture was filtered, and then dried at 1 10 °C 
for 3 hours and baked at 400 °C for 1 hour, thereby supporting Rh in the powder. The amount of Rh supported was 0.5 
g relative to 120 g of the zirconia Y-type zeolite powder. 

(Rh/Alumina Zirconia Y-type Zeolite Catalyst A (Catalyst 4)> 

60 g of USY 410 powder was suspended in a 2-propanol solution of aluminum isopropoxide and zirconium isopro- 
poxide of predetermined concentrations (Al/Zr ratio = 1/1), and refluxed at 80 °C. A 2-propanol aqueous solution of a 
predetermined concentration was dropped thereinto and the suspension was stirred, so that hydrolysis occurred on the 
surfaces of the USY 41 0 powder. The suspension was vacuum-dried at 1 1 0 °C for 20 hours, and then baked at 500 °C 
for 1 hour, thereby supporting 60 g of an alumina-zirconia composite oxide on 60 g of the USY 410 powder. 

120 g of the alumina zirconia Y-type-zeolite powder was mixed into a rhodium nitrate aqueous solution of a prede- 
termined concentration. After being stirred for a predetermined length of time, the mixture was filtered, and then dried 
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at 110 °C for 3 hours and baked at 400 °C for 1 hour, thereby supporting Rh in the powder. The amount of Rh supported 
was 0.5 g relative to 120 g of the alumina zirconia Y-type-zeolite powder. 

(Rh7Alumina Zirconia Y-type Zeolite Catalyst B (Catalyst 5)) 

60 g of USY 410 powder was suspended in a mixed aqueous solution of zirconium oxynitrate and aluminum nitrate 
of predetermined concentrations (Al/Zr ratio =1/1). The pH of the suspension was adjusted to 8 of higher by adding 
ammonia water. The suspension was filtered, and dried at 1 10 °C, and then baked at 500 °C for 1 hour, thereby sup- 
porting 60 g of an alumina-zirconia composite oxide on 60 g of the USY 410 powder. 

120 g of the alumina zirconia Y-type-zeolite powder was mixed into a rhodium nitrate aqueous solution of a prede- 
termined concentration. After being stirred for a predetermined length of time, the mixture was filtered, and dried at 1 10 
°C for 3 hours and then baked at 400 °C for 1 hour, thereby supporting Rh in the powder. The amount of Rh supported 
was 0.5 g relative to 120 g of the alumina zirconia Y-type-zeolite powder. 

(Evaluation of Amount of Hydrogen Produced) 

Each of the five types of catalysts was formed into pellets, and the amount of hydrogen produced on each pellet 
catalyst was evaluated. In experiments, two different gasses, that is, a rich atmosphere gas and a lean atmosphere gas 
as shown in Table 5, were separately passed, in an amount of 7 liters, through a flow-type reactor as shown in Fig. 1 1 , 
at in-coming gas temperatures of 300-600 °C, thereby causing reactions. The hydrogen concentration in the out-going 
gas was quantified by gas chromatography. Results are indicated in Figs. 12 and 13. 



Table 5 





C3H6 


CO 


0 2 


H 2 0 


N 2 


Rich 
Lean 


6700ppmC 
6700ppmC 


100ppm 
100ppm 


0.6% 
3.0% 


3.0% 
3.0% 


balance 
balance 



As indicated in Figs. 12 and 13, Catalysts 2-5, containing zeolite, produced hydrogen efficiently even at low tem- 
peratures in the rich atmosphere, and also produced in the lean atmosphere. On the other hand, Catalyst 1, not con- 
taining zeolite, produced hydrogen in the rich atmosphere but did not produce hydrogen in the lean atmosphere. 

With Catalysts 2-5, the presence of hydrogen was confirmed at high temperatures even in the excessive-oxygen 
lean atmosphere, indicating that hydrogen produced was not entirely oxidized but remained in the lean atmosphere. 
Therefore, use of the remaining amount of hydrogen for reduction may be considered. 

EXAMPLE 12 

Fig. 14 illustrates a portion of the exhaust gas purifying catalyst of Example 12. The exhaust gas purifying catalyst 
of this example formed of a honeycomb-shaped monolithic base (not shown), and coating layers formed on surfaces of 
the monolithic base. In a coating layer, particles of the first powder 1 2 and particles of the second powder 1 3 are present 
in a mixed state as shown in Fig. 14. 

The first powder 12 is formed of mordenite, and supports zirconia 14, which in turn supports Rh 15. The second 
powder 13 is formed of alumina, where Ba is uniformly supported. The second powder supports Pt 16 and a small 
amount of Rh 17. 

The method of producing the exhaust gas purifying catalyst will be described below. The structure of the exhaust 
gas purifying catalyst will become apparent in the description of the production method. 

(Preparation of First Powder) 

300 g of mordenite 203 powder was suspended in a zirconium oxynitrate aqueous solution of a predetermined con- 
centration. The pH of the suspension was adjusted to 8 or higher by adding ammonia water. The suspension was fil- 
tered, and dried at 110 °C, and then baked at 500 °C for 1 hour, thereby preparing zirconia Y-type zeolite powder in 
which 300 g of zirconia was supported on 300 g of USY 410 powder. 

600 g of the zirconia Y-type zeolite powder was mixed into a rhodium nitrate aqueous solution of a predetermined 
concentration. After being stirred for a predetermined length of time, the mixture was filtered, and dried at 1 10 °C for 3 
hours and then baked at 400 °C for 1 hour, thereby supporting Rh in the powder. The amount of Rh supported was 1 .5 
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g relative to 600 g of the zirconia Y-type zeolite powder. Rh was selectively supported on zirconia because mordenite 
does not support Rh in a rhodium nitrate aqueous solution. 

(Preparation of Second Powder) 

1000 g of alumina powder having an average particle diameter of 5 \im was impregnated with a predetermined 
amount of a barium acetate aqueous solution of a predetermined concentration, and then dried at 110 °C for 3 hours, 
and baked at 500 °C for 1 hour, thereby supporting Ba in the alumina powder. The amount of Ba supported was 1 .7 
mole relative to 1000 g of the alumina powder. 

Subsequently, the thus-obtained Ba-carrying alumina powder was dipped in 8 L of a 20-g/L ammonium bicarbonate 
aqueous solution for 15 minutes. After being filtered, the powder material was dried at 1 10 °C for 3 hours. Thereby, Ba 
was converted into barium carbonate and supported uniformly in the alumina powder. 

The Ba/alumina powder was impregnated with a predetermined amount of a dinitrodiammine platinum nitrate 
aqueous solution of a predetermined concentration, and dried at 110 °C for 3 hours, and then dried at 250 °C for 2 
hours, thereby supporting Pt in the powder. The amount of Pt supported was 1 6.7 g relative to 1 000 g of the Ba/alumina 
powder. The second powder was thus prepared. 

The obtained Pt/Ba/alumina powder was mixed into a predetermined amount of rhodium nitrate aqueous solution 
of a predetermined concentration. After being stirred for a predetermined length of time, the mixture was filtered, dried 
at 1 10 °C for 3 hours, and then baked at 400 °C for 1 hour, thereby supporting Rh in the powder. The amount of Rh 
supported was 0.83 g relative to 1000 g of the Pt/Ba/alumina powder. 

(Preparation of Catalyst) 

The entire amounts of the first powder and the second powder were uniformly mixed, and then water was added to 
form a slurry. A prepared cordierite-formed honeycomb monolithic base member having a capacity of 1 .3 L was dipped 
into the slurry and then pulled up. After an extraneous amount of slurry was blown off, the monolithic base member was 
dried and baked, thereby forming coating layers. The exhaust gas purifying catalyst of Example 12 was thus prepared. 
The amount of slurry coating was 240g relative to 1 liter of the monolithic base member. 

EXAMPLE 13 

300 g of USY 41 0 powder was suspended in a 2-propanol solution of aluminum isopropoxide and zirconium isopro- 
poxide of predetermined concentrations (Al/Zr ratio = 1/1), and refluxed at 80 °C. A 2-propanol aqueous solution of a 
predetermined concentration was dropped thereinto and the suspension was stirred, so that hydrolysis occurred on the 
surfaces of the USY 410 powder. The suspension was vacuum-dried at 1 1 0 °C for 20 hours, and then baked at 500 °C 
for 1 hour, thereby supporting 300 g of an alumina-zirconia composite oxide on 300 g of the USY 410 powder. 

600 g of the obtained alumina zirconia Y-type-zeolite powder was mixed into a rhodium nitrate aqueous solution of 
a predetermined concentration. After being stirred for a predetermined length of time, the mixture was filtered, and dried 
at 1 10 °C for 3 hours, and then baked at 400 °C for 1 hour, thereby supporting Rh in the powder. The amount of Rh 
supported was 1 .5 g relative to 600 g of the alumina zirconia Y-type-zeolite powder. 

(Preparation of Catalyst) 

The entire amount of the first powder and the entire amount of the second powder substantially the same as in 
Example 12 were uniformly mixed, and then water was added to form a slurry. A prepared monolithic base member sub- 
stantially the same as in Example 1 2 was dipped into the slurry and then pulled up. After an extraneous amount of slurry 
was blown off, the monolithic base member was dried and baked, thereby forming coating layers. The exhaust gas puri- 
fying catalyst of Example 13 was thus prepared. The amount of slurry coating was 240g relative to 1 liter of the mono- 
lithic base member. 

EXAMPLE 14 

Fig. 15 illustrates a portion of the exhaust gas purifying catalyst of Example 14. The exhaust gas purifying catalyst 
of this example formed of a honeycomb-shaped monolithic base (not shown), and coating layers formed on surfaces of 
the monolithic base, as in Example 12. The coating layers are formed of the first powder 18 and the second powder 13 
(substantially the same as the second powder in Example 12) and mordenite powder 19. 

The first powder 1 8 is formed of zirconia, and supports Rh 20. The mordenite powder 1 9 supports no particular ele- 
ment. That is, the mordenite powder 1 9 is present at the interfaces between the first powder 1 8 and the second powder 
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13. 

(Preparation of First Powder) 

5 300 g of zirconia powder was mixed into a predetermined amount of rhodium nitrate of a predetermined concen- 
tration. After being stirred for a predetermined length of time, the mixture was filtered, and dried at 1 10 °C for 3 hours, 
and then baked at 400 °C for 1 hour, thereby supporting Rh in the powder. The amount of Rh supported was 1 .5 g rel- 
ative to 300 g of the zirconia powder. 

w (Preparation of Catalyst) 

The entire amount of the first powder 1 8, the entire amount of the second powder 1 3 substantially the same as the 
second powder in Example 1 2, and 300 g of mordenite 203 powder were uniformly mixed, and water was added to form 
a slurry. A prepared monolithic base member substantially the same as in Example 12 was dipped into the slurry and 
15 then pulled up. After an extraneous amount of slurry was blown off, the monolithic base member was dried and baked, 
thereby forming coating layers. The exhaust gas purifying catalyst of Example 14 was thus prepared. The amount of 
slurry coating was 240 g relative to 1 liter of the monolithic base member. 

EXAMPLE 15 

20 

Fig. 1 6 illustrates a portion of the exhaust gas purifying catalyst of Example 1 5. The exhaust gas purifying catalyst 
of this example formed of a monolithic base 100 substantially the same as in Example 12, and first coating layers 21 
formed on surfaces of the monolithic base, and second coating layers 22 formed on surfaces of the first coating layers 
21. 

25 A first coating layer 21 is formed of mordenite powder 19. A second coating layer 22 is formed of the first powder 
18 substantially the same as the first powder in Example 14 and the second powder 13 substantially the same as the 
second powder in Example 12. The first powder 18 and the second powder 13 are present in a mixed state. 

(Preparation of Catalyst) 

30 

Using a prepared monolithic base member 100 substantially the same as in Example 12, the first coating layers 21 
were formed substantially in the same manner as in Example 12, except that a slurry of mordenite 203 was used. The 
amount of the first coating layer 21 formed was 45 g relative to 1 liter of the monolithic base member. 

The entire amount of the first powder 1 8 substantially the same as in Example 1 4 and the entire amount of the sec- 
35 ond powder 13 substantially the same as in Example 12 were uniformly mixed, and then water was added to form a 
slurry. The second coating layers 22 were formed on surface of the monolithic base member 1 00 carrying the first coat- 
ing layers 21, substantially in the same manner as in Example 12. The amount of the second coating layer 22 formed 
was 195 g relative to 1 liter of the monolithic base member. 

40 , COMPARATIVE EXAMPLE 7 

Fig. 1 7 illustrates a portion of the exhaust gas purifying catalyst of Comparative Example 7. The exhaust gas puri- 
fying catalyst of this comparative example is formed of a honeycomb-shaped monolithic base (not shown), and coating 
layers formed on surfaces of the monolithic base, as Example 12. The coating layers are formed of the first powder 18 
45 substantially the same as the first layer in Example 1 4 and the second powder 1 3 substantially the same as the second 
layer in Example 12. 

(Preparation of Catalyst) 

so The entire amount of the first powder 1 8 substantially the same as in Example 1 4 and the entire amount of the sec- 
ond powder 13 substantially the same as in Example 12 were uniformly mixed, and then water was added to form a 
slurry. A prepared monolithic base member substantially the same as in Example 1 2 was dipped into the slurry and then 
pulled up. After an extraneous amount of slurry was blown off. the monolithic base member was dried and baked, 
thereby forming coating layers. The exhaust gas purifying catalyst of Comparative Example 7 was thus prepared. The 

55 amount of slurry coating was 240 g relative to 1 liter of the monolithic base member. 
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EVALUATION TEST 

An endurance test equivalent to 50,000 km driving was performed on the exhaust gas purifying catalysts of Exam- 
ples 12-15 and Comparative Example 7, by setting each catalyst in the exhaust system of a 1.8-L lean burn gasoline 
engine. After the test, the amounts of NOx adsorbed were measured. Results are indicated in Fig. 18, on the basis of 
relative ratios to the amount in Comparative Example 7 being defined as 1 . 

Each exhaust gas purifying catalyst was also set in the exhaust system of a 0.8-L lean burn gasoline engine. The 
engine was operated normally in a lean atmosphere of an air-fuel ratio of A/F = 22, with 0.3-second rich pulses of a rich 
atmosphere of an air-fuel ratio of A/F = 12 at intervals of 2 minutes. The amounts of NOx reduced in this test are indi- 
cated in Fig. 19, on the basis of relative ratios to the amount in Comparative Example 7 being defined as 1. The 
amounts of sulfur-poisoning that occurred in the test are indicated in Fig. 20, on the basis of relative ratios to the amount 
in Comparative Example 7 being defined as 1 . 

Each exhaust gas purifying catalyst was also set in the exhaust system of a 1.8-L lean burn gasoline engine, and 
NOx emission during 10-15 mode operation was measured. Results are indicated in Fig. 21. 

As is apparent from Figs. 18-21, the exhaust gas purifying catalysts of Examples 12-15 exhibited higher NOx 
removing performance and allowed less sulfur-poisoning than Comparative Example 7. In the exhaust gas purifying 
catalyst of Comparative Example 7, removal of NOx was difficult due to substantially no hydrogen produced in the lean 
atmosphere, and the NOx adsorbing performance decreased due to considerable sulfur-poisoning. In the exhaust gas 
purifying catalysts of Examples 12-15, reduction of NOx and substantial prevention of sulfur-poisoning were achieved 
by hydrogen supplied even in the lean atmosphere, thereby exhibiting high NOx removing performance. 

(5) Examples of Fifth Series 

EXAMPLE 16 

Figs. 22-24 illustrate an exhaust gas purifying catalyst of Example 16. The catalyst of this example is formed of a 
cordierite-fbrmed honeycomb base 101, and coating layers 102 formed on surfaces of the honeycomb base 101. The 
coating layers 102 are formed of alumina and zirconia. 

In the coating layers 102, the first powder 23 formed of zirconia and the second powder 24 formed of alumina are 
present in a mixed state as shown in Figs. 23 and 24. The second powder 24 supports Ba. In an interior portion of a 
coating layer 23 as shown in Fig. 23, particles of the first powder 23 only support Rh 25, and Pt 26 is not supported on 
the particles of the first powder 23. Particles of the second powder 24 supports Pt 26 and Rh 27. 

In a surface portion 103 of a coating layer 102 as shown in Fig. 24, the structure is similar to the interior structure 
shown in Fig. 23, but a larger amount of Pt is supported on most particles of the first and second powders 23, 24. That 
is, the concentration of Pt supported is higher in the surface portion 103 than in the interior portion. 

The method of producing the exhaust gas purifying catalyst will be described below. The structure of the exhaust 
gas purifying catalyst will. 

(Preparation of First Powder) 

480 g of zirconia powder was dipped into a rhodium nitrate aqueous solution of a predetermined concentration. 
After being filtered, the powder material was dried at 1 10 °C for 3 hours, and ground, and then baked at 400 °C for 1 
hour, thereby supporting Rh in the powder. The amount of Rh supported was 2.0 g relative to 480 g of the zirconia pow- 
der. The first powder was thus prepared. 

(Preparation of Second Powder) 

480 g of y-alumina powder was impregnated with a predetermined amount of a barium acetate aqueous solution of 
a predetermined concentration. The powder material was then dried at 1 10 °C for 3 hours while being stirred, thereby 
evaporating moisture. After being ground, the powder was baked at 500 °C for 3 hours, thereby supporting Ba in the 
powder. The amount of Ba supported was 1 .6 moles relative to 480 g of the alumina powder. 

Subsequently, the thus-obtained Ba-carrying alumina powder was dipped into 6 L of a 0.3-mol/L ammonium hydro- 
gen carbonate aqueous solution. After being stirred for 15 minutes, the mixture was filtered, and dried at 1 10 °C for 3 
hours, and then ground. Thereby, Ba was converted into barium carbonate and supported uniformly in the alumina pow- 
der. 

The Ba/alumina powder was dipped into a dinitrodiammine platinum nitrate aqueous solution of a predetermined 
concentration. After being filtered, the powder material was dried at 1 1 0 °C for 3 hours, and then ground. Subsequently, 
the powder was dried at 400 °C for 2 hours, thereby supporting Pt in the powder. The amount of Pt supported was 6.4 
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g relative to 480 g of the alumina powder. 

Subsequently, the obtained powder was dipped into a rhodium nitrate aqueous solution of a predetermined con- 
centration. After being filtered, the powder material was dried at 1 10 °C for 3 hours, and then ground. Subsequently, the 
powder was dried at 400 °C fa 2 hours, thereby supporting Rh in the powder. The amount of Rh supported was 0.32 g 
5 relative to 480 g of the alumina powder. The second powder was thus prepared. 

(Formation of Coating Layer) 

The entire amounts of the first powder and the second powder were uniformly mixed, and turned into a slurry by a 
w standard method. A cordierite-formed honeycomb monolithic base member having a capacity of 1 .3 L was dipped into 
the slurry and then pulled up. After an extraneous amount of the slurry was blown off, the monolithic base member was 
dried and baked, thereby forming coating layers. The amount of coating layers formed was 321 . 1 g relative to 1 L of the 
honeycomb base. The coating layers contained 1 20 g of zirconia as the first powder and 1 20 g of alumina as the second 
powder. 

(Supporting of Pt and Rh in Surface Portion) 

The thus-coated honeycomb base was dipped into a dinitrodiammine platinum nitrate aqueous solution of a prede- 
termined concentration, and then pulled up. After an extraneous amount of the solution was blown off, the honeycomb 

20 base was dried at 1 10 °C for 3 hours. The honeycomb base was then dipped into a rhodium nitrate aqueous solution of 
a predetermined concentration, and pulled up. After an extraneous amount of the solution was blown off, the honey- 
comb base was dried at 1 1 0 °C for 3 hours, and then baked at 400 °C for 1 hour, thereby obtaining a catalyst of Example 
16. Pt was supported in an amount of 0.52 g (0.4 g relative to 1 L of the honeycomb base). Rh was supported in an 
amount of 0.026 g (0.02 g relative to 1 L of the honeycomb base). Both elements were supported in a surface portion 

25 of the coating layer. 

EXAMPLE 17 

(Preparation of First Powder) 

30 

480 g of zirconia powder was dipped into a rhodium nitrate aqueous solution of a predetermined concentration. 
After being filtered, the powder material was dried at 1 10 °C for 3 hours, and ground, and then baked at 400 °C for 1 
hour, thereby supporting Rh in the powder. The amount of Rh supported was 2.0 g relative to 480 g of the zirconia pow- 
der. The first powder was thus prepared. 

35 

(Preparation of Second Powder) 

480 g of -/-alumina powder was impregnated with a predetermined amount of a barium acetate aqueous solution of 
a predetermined concentration. The powder material was then dried at 1 10 °C for 3 hours while being stirred, thereby 
40 evaporating moisture. After being ground, the powder was baked at 500 °C for 3 hours, thereby supporting Ba in the 
powder. The amount of Ba supported was 1 .6 moles relative to 480 g of the alumina powder. 

Subsequently, the thus-obtained Ba-carrying alumina powder was dipped into 6 L of a 0.3-mol/L ammonium hydro- 
gen carbonate aqueous solution. After being stirred for 15 minutes, the mixture was filtered, and dried at 1 10 °C for 3 
hours, and then ground. Thereby, Ba was converted into barium carbonate and supported uniformly in the alumina pow- 
45 der. 

The Ba/alumina powder was dipped into a dinitrodiammine platinum nitrate aqueous solution of a predetermined 
concentration. After being filtered, the powder material was dried at 1 1 0 °C for 3 hours, and then ground. Subsequently, 
the powder was dried at 400 °C for 2 hours, thereby supporting Pt in the powder. The amount of Pt supported was 4.0 
g relative to 480 g of the alumina powder. 
so Subsequently, the obtained powder was dipped into a rhodium nitrate aqueous solution of a predetermined con- 
centration. After being filtered, the powder material was dried at 1 10 °C for 3 hours, and then ground. Subsequently, the 
powder was dried at 400 °C for 2 hours, thereby supporting Rh in the powder. The amount of Rh supported was 0.2 g 
relative to 480 g of the alumina powder. The second powder was thus prepared. 

55 (Formation of Coating Layer) 

The entire amounts of the first powder and the second powder were uniformly mixed, and turned into a slurry by a 
standard method. A cordierite-formed honeycomb monolithic base member having a capacity of 1 .3 L was dipped into 
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the slurry and then pulled up. After an extraneous amount of the slurry was blown off, the monolithic base member was 
dried and baked, thereby forming coating layers. The amount of coating layers formed was 320.5 g relative to 1 L of the 
honeycomb base. The coating layers contained 1 20 g of zirconia as the first powder and 1 20 g of alumina as the second 
powder. 

5 

(Supporting of Pt and Rh in Surface Portion) 

The thus-coated honeycomb base was dipped into a dinitrodiammine platinum nitrate aqueous solution of a prede- 
termined concentration, and then pulled up. After an extraneous amount of the solution was blown off, the honeycomb 

10 base was dried at 1 10 °C for 3 hours. The honeycomb base was then dipped into a rhodium nitrate aqueous solution of 
a predetermined concentration, and pulled up. After an extraneous amount of the solution was blown off, the honey- 
comb base was dried at 1 1 0 °C for 3 hours, and then baked at 400 °C for 1 hour, thereby obtaining a catalyst of Example 
17. Pt was supported in an amount of 1.3 g (1.0 g relative to 1 L of the honeycomb base). Rh was supported in an 
amount of 0.065 g (0.05 g relative to 1 L of the honeycomb base). Both elements were supported in a surface portion 

75 of the coating layer. 

EXAMPLE 18 

(Preparation of First Powder) 

20 

480 g of zirconia powder was dipped into a rhodium nitrate aqueous solution of a predetermined concentration. 
After being filtered, the powder material was dried at 110 °C for 3 hours, and ground, and then baked at 400 °C for 1 
hour, thereby supporting Rh in the powder. The amount of Rh supported was 2.0 g relative to 480 g of the zirconia pow- 
der. The first powder was thus prepared. 

25 

(Preparation of Second Powder) 

480 g of y-alumina powder was impregnated with a predetermined amount of a barium acetate aqueous solution of 
a predetermined concentration. The powder material was then dried at 110 °C for 3 hours while being stirred, thereby 
30 evaporating moisture. After being ground, the powder was baked at 500 °C for 3 hours, thereby supporting Ba in the 
powder. The amount of Ba supported was 1 .6 moles relative to 480 g of the alumina powder. 

Subsequently, the thus-obtained Ba-carrying alumina powder was dipped into 6 L of a 0.3-mol/L ammonium hydro- 
gen carbonate aqueous solution. After being stirred for 15 minutes, the mixture was filtered, and dried at 1 10 °C for 3 
hours, and then ground. Thereby, Ba was converted into barium carbonate and supported uniformly in the alumina pow- 
35 der. 

The Ba/alumina powder was dipped into a dinitrodiammine platinum nitrate aqueous solution of a predetermined 
concentration. After being filtered, the powder material was dried at 1 1 0 °C for 3 hours, and then ground. Subsequently, 
the powder was dried at 400 °C for 2 hours, thereby supporting Pt in the powder. The amount of Pt supported was 1 .6 
g relative to 480 g of the alumina powder. 
40 Subsequently, the obtained powder was dipped into a rhodium nitrate aqueous solution of a predetermined con- 
centration. After being filtered, the powder material was dried at 1 1 0 °C for 3 hours, and then ground. Subsequently, the 
powder was dried at 400 °C for 2 hours, thereby supporting Rh in the powder. The amount of Rh supported was 0.08 g 
relative to 480 g of the alumina powder. The second powder was thus prepared. 

45 (Formation of Coating Layer) 

The entire amounts of the first powder and the second powder were uniformly mixed, and turned into a slurry by 
the standard method. A cordierite-formed honeycomb monolithic base member having a capacity of 1.3 L was dipped 
into the slurry and then pulled up. After an extraneous amount of the slurry was blown off, the monolithic base member 
so was dried and baked, thereby forming coating layers. The amount of coating layers formed was 319.7 g relative to 1 L 
of the honeycomb base. The coating layers contained 1 20 g of zirconia as the first powder and 1 20 g of alumina as the 
second powder. 

(Supporting of Pt and Rh in Surface Portion) 

55 

The thus-coated honeycomb base was dipped into a dinitrodiammine platinum nitrate aqueous solution of a prede- 
termined concentration, and then pulled up. After an extraneous amount of the solution was blown off, the honeycomb 
base was dried at 1 10 °C for 3 hours. The honeycomb base was then dipped into a rhodium nitrate aqueous solution of 
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a predetermined concentration, and pulled up. After an extraneous amount of the solution was blown off. the honey- 
comb base was dried at 1 1 0 °C for 3 hours, and then baked at 400 °C for 1 hour, thereby obtaining a catalyst of Example 

18. Pt was supported in an amount of 2.08 g (1.6 g relative to 1 L of the honeycomb base). Rh was supported in an 
amount of 0.104 g (0.08 g relative to 1 L of the honeycomb base). Both elements were supported in a surface portion 

5 of the coating layer. 

EXAMPLE 19 

(Preparation of First Powder) 

10 

480 g of zirconia powder was dipped into a rhodium nitrate aqueous solution of a predetermined concentration. 
After being filtered, the powder material was dried at 110 °C for 3 hours, and ground, and then baked at 400 °C for 1 
hour, thereby supporting Rh in the powder. The amount of Rh supported was 2.0 g relative to 480 g of the zirconia pow- 
der. The first powder was thus prepared. 

15 

(Preparation of Second Powder) 

480 g of y-alumina powder was impregnated with a predetermined amount of a barium acetate aqueous solution of 
a predetermined concentration. The powder material was then dried at 110 °C for 3 hours while being stirred, thereby 
20 evaporating moisture. After being ground, the powder was baked at 500 °C for 3 hours, thereby supporting Ba in the 
powder. The amount of Ba supported was 1 .6 moles relative to 480 g of the alumina powder. 

Subsequently, the thus-obtained Ba-carrying alumina powder was dipped into 6 L of a 0.3-mol/L ammonium hydro- 
gen carbonate aqueous solution. After being stirred for 15 minutes, the mixture was filtered, and dried at 1 10 °C for 3 
hours, and then ground. Thereby, Ba was converted into barium carbonate and supported uniformly in the alumina pow- 
25 der. 

(Formation of Coating Layer) 

The entire amounts of the first powder and the second powder were uniformly mixed, and turned into a slurry by 
30 the standard method. A cordierite-formed honeycomb monolithic base member having a capacity of 1.3 L was dipped 
into the slurry and then pulled up. After an extraneous amount of the slurry was blown off, the monolithic base member 
was dried and baked, thereby forming coating layers. The amount of coating layers formed was 319.3 g relative to 1 L 
of the honeycomb base. The coating layers contained 120 g of zirconia as the first powder and 120 g of alumina as the 
second powder. 

35 

(Supporting of Pt and Rh in Surface Portion) 

The thus-coated honeycomb base was dipped into a dinitrodiammine platinum nitrate aqueous solution of a prede- 
termined concentration, and then pulled up. After an extraneous amount of the solution was blown off, the honeycomb 
40 base was dried at 1 10 °C for 3 hours. The honeycomb base was then dipped into a rhodium nitrate aqueous solution of 
a predetermined concentration, and pulled up. After an extraneous amount of the solution was blown off, the honey- 
comb base was dried at 1 1 0 °C for 3 hours, and then baked at 400 °C for 1 hour, thereby obtaining a catalyst of Example 

19. Pt was supported in an amount of 2.6 g (2.0 g relative to 1 L of the honeycomb base). Rh was supported in an 
amount of 0.13 g (0.1 g relative to 1 L of the honeycomb base). Both elements were supported in a surface portion of 

45 the coating layer. 

EXAMPLE 20 

(Preparation of First Powder) 

50 

480 g of zirconia powder was dipped into a rhodium nitrate aqueous solution of a predetermined concentration. 
After being filtered, the powder material was dried at 1 10 °C for 3 hours, and ground, and then baked at 400 °C for 1 
hour, thereby supporting Rh in the powder. The amount of Rh supported was 2.0 g relative to 480 g of the zirconia pow- 
der. The first powder was thus prepared. 

55 

(Preparation of Second Powder) 

A mixture of 480 g of y-alumina powder and 120 g of titania powder was impregnated with a predetermined amount 
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of a barium acetate aqueous solution of a predetermined concentration. The powder material was then dried at 1 10 °C 
for 3 hours while being stirred, thereby evaporating moisture. After being ground, the powder was baked at 500 °C for 
3 hours, thereby supporting Ba in the powder. The amount of Ba supported was 1 .6 moles relative to 600 g of the pow- 
der combining 480 g of the alumina powder and 120 g of the titania. 

5 The thus-obtained powder was dipped into 6 L of a 0.3-mol/L ammonium hydrogen carbonate aqueous solution. 
After being stirred for 15 minutes, the mixture was filtered, and dried at 1 10 °C for 3 hours, and then ground. Thereby, 
Ba was converted into barium carbonate and supported uniformly in the alumina powder and the titania. 

The Ba-carrying alumina-titania powder was dipped into a dinitrodiammine platinum nitrate aqueous solution of a 
predetermined concentration. After being filtered, the powder material was dried at 1 1 0 °C for 3 hours, and then ground. 

10 Subsequently, the powder was dried at 400 °C for 2 hours, thereby supporting Pt in the powder. The amount of Pt sup- 
ported was 4.0 g relative to 600 g of the powder combining 480 g of the alumina powder and 120 of the titania powder. 

Subsequently, the obtained powder was dipped into a rhodium nitrate aqueous solution of a predetermined con- 
centration. After being filtered, the powder material was dried at 1 10 °C for 3 hours, and then ground. Subsequently, the 
powder was dried at 400 °C for 2 hours, thereby supporting Rh in the powder. The amount of Rh supported was 0.2 g 

15 relative to 600 g of the powder combining 480 g of the alumina powder. The second powder was thus prepared. 

(Formation of Coating Layer) 

The entire amounts of the first powder and the second powder were uniformly mixed, and turned into a slurry by 
the standard method. A cordierite-formed honeycomb monolithic base member having a capacity of 1.3 L was dipped 
into the slurry and then pulled up. After an extraneous amount of the slurry was blown off, the monolithic base member 
was dried and baked, thereby forming coating layers. The amount of coating layers formed was 320.5 g relative to 1 L 
of the honeycomb base. The coating layers contained 96 g of zirconia as the first powder and 144 g in total of alumina 
and titania as the second powder. 

(Supporting of Pt and Rh in Surface Portion) 

The thus-coated honeycomb base was dipped into a dinitrodiammine platinum nitrate aqueous solution of a prede- 
termined concentration, and then pulled up. After an extraneous amount of the solution was blown off, the honeycomb 
base was dried at 1 10 °C for 3 hours. The honeycomb base was then dipped into a rhodium nitrate aqueous solution of 
a predetermined concentration, and pulled up. After an extraneous amount of the solution was blown off, the honey- 
comb base was dried at 1 1 0 °C for 3 hours, and then baked at 400 °C for 1 hour, thereby obtaining a catalyst of Example 
20. Pt was supported in an amount of 1 .3 g (1 .0 g relative to 1 L of the honeycomb base). Rh was supported in an 
amount of 0.065 g (0.05 g relative to 1 L of the honeycomb base). Both elements were supported in a surface portion 
of the coating layer. 

EXAMPLE 21 

(Preparation of First Powder) 

480 g of zirconia powder was dipped into a rhodium nitrate aqueous solution of a predetermined concentration. 
After being filtered, the powder material was dried at 1 10 °C for 3 hours, and ground, and then baked at 400 °C for 1 
hour, thereby supporting Rh in the powder. The amount of Rh supported was 2.0 g relative to 480 g of the zirconia pow- 
der. The first powder was thus prepared. 

(Preparation of Second Powder) 

A mixture of 480 g of y-alumina powder and 1 20 g of titania powder was impregnated with a predetermined amount 
of a barium acetate aqueous solution of a predetermined concentration. The powder material was then dried at 1 10 °C 
so for 3 hours while being stirred, thereby evaporating moisture. After being ground, the powder was baked at 500 °C for 
3 hours, thereby supporting Ba in the powder. The amount of Ba supported was 1 .6 moles relative to 600 g of the pow- 
der combining 480 g of the alumina powder and 120 g of the titania. 

The thus-obtained powder was dipped into 6 L of a 0.3-mol/L ammonium hydrogen carbonate aqueous solution. 
After being stirred for 15 minutes, the mixture was filtered, and dried at 1 10 °C for 3 hours, and then ground. Thereby, 
55 Ba was converted into barium carbonate and supported uniformly in the alumina powder and the titania. 

The Ba-carrying alumina-titania powder was dipped into a dinitrodiammine platinum nitrate aqueous solution of a 
predetermined concentration. After being filtered, the powder material was dried at 1 1 0 °C for 3 hours, and then ground. 
Subsequently, the powder was dried at 400 °C for 2 hours, thereby supporting Pt in the powder. The amount of Pt sup- 
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ported was 4.0 g relative to 600 g of the powder combining 480 g of the alumina powder and 120 of the titania powder. 

Subsequently, the obtained powder was dipped into a rhodium nitrate aqueous solution of a predetermined con- 
centration. After being filtered, the powder material was dried at 1 1 0 °C for 3 hours, and then ground. Subsequently, the 
powder was dried at 400 °C for 2 hours, thereby supporting Rh in the powder. The amount of Rh supported was 0.2 g 
5 relative to 600 g of the powder combining 480 g of the alumina powder and 120 of the titania powder. The second pow- 
der was thus prepared. 

(Formation of Coating Layer) 

w The entire amounts of the first powder and the second powder were uniformly mixed, and turned into a slurry by 
the standard method. A cordierite-formed honeycomb monolithic base member having a capacity of 1 .3 L was dipped 
into the slurry and then pulled up. After an extraneous amount of the slurry was blown off, the monolithic base member 
was dried and baked, thereby forming coating layers. The amount of coating layers formed was 320.5 g relative to 1 L 
of the honeycomb base. The coating layers contained zirconia as the first powder in an amount 96 g, and alumina and 

is titania as the second powder in a total amount of 1 44g. 

(Supporting of Pt, Rh, K and Li in Surface Portion) 

The thus-coated honeycomb base was dipped into a dinitrodiammine platinum nitrate aqueous solution of a prede- 
20 termined concentration, and then pulled up. After an extraneous amount of the solution was blown off, the honeycomb 
base was dried at 1 10 °C for 3 hours. The honeycomb base was then dipped into a rhodium nitrate aqueous solution of 
a predetermined concentration, and pulled up. After an extraneous amount of the solution was blown off, the honey- 
comb base was dried at 1 10 °C for 3 hours, and then baked at 400 °C for 1 hour. 

Subsequently, the honeycomb base was dipped into a potassium acetate aqueous solution of a predetermined 
25 amount, and pulled up. After an extraneous amount of the solution was blown off, the honeycomb base was dried at 1 1 0 
°C for 3 hours. The honeycomb base was then dipped into a lithium nitrate aqueous solution of a predetermined con- 
centration, and pulled up. After an extraneous amount of the solution was blown off, the honeycomb base was dried at 
1 1 0 °C for 3 hours, and then baked at 500 °C for 1 hour, thereby obtaining a catalyst of Example 21 . Pt was supported 
in an amount of 1 .3 g (1 .0 g relative to 1 L of the honeycomb base). Rh was supported in an amount of 0.065 g (0.05 g 
30 relative to 1 L of the honeycomb base). Each of potassium (K) and lithium (Li) was supported in an amount of 0.13 mol 
(0.1 mole relative to 1 L of the honeycomb base). These elements were supported in a surface portion of the coating 
layer. 

EXAMPLE 22 

35 

(Preparation of First Powder) 

384 g of barium-stabilized zirconia powder (containing 1 mol% Ba) was dipped into a rhodium nitrate aqueous solu- 
tion of a predetermined concentration. After being filtered, the powder material was dried at 1 10 °C for 3 hours, and 
40 ground, and then baked at 400 °C for 1 hour, thereby supporting Rh in the powder. The amount of Rh supported was 
2.0 g relative to 384 g of the zirconia powder. The first powder was thus prepared. 

(Preparation of Second Powder) 

45 A mixture of 480 g of y-alumina powder and 1 20 g of titania powder was impregnated with a predetermined amount 
of a barium acetate aqueous solution of a predetermined concentration. The powder material was then dried at 1 10 °C 
for 3 hours while being stirred, thereby evaporating moisture. After being ground, the powder was baked at 500 °C for 
3 hours, thereby supporting Ba in the powder. The amount of Ba supported was 1 .6 moles relative to 600 g of the pow- 
der combining 480 g of the alumina powder and 120 g of the titania. 

so The thus-obtained powder was dipped into 6 L of a 0.3-mol/L ammonium hydrogen carbonate aqueous solution. 
After being stirred for 15 minutes, the mixture was filtered, and dried at 1 10 °C for 3 hours, and then ground. Thereby, 
Ba was converted into barium carbonate and supported uniformly in the alumina powder and the titania. 

The Ba-carrying alumina-titania powder was dipped into a dinitrodiammine platinum nitrate aqueous solution of a 
predetermined concentration. After being filtered, the powder material was dried at 1 1 0 °C for 3 hours, and then ground. 

55 Subsequently, the powder was dried at 400 °C for 2 hours, thereby supporting Pt in the powder. The amount of Pt sup- 
ported was 4.0 g relative to 600 g of the powder combining 480 g of the alumina powder and 120 g of the titania powder. 

Subsequently, the obtained powder was dipped into a rhodium nitrate aqueous solution of a predetermined con- 
centration. After being filtered, the powder material was dried at 1 10 °C for 3 hours, and then ground. Subsequently, the 
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powder was dried at 400 °C for 2 hours, thereby supporting Rh in the powder. The amount of Rh supported was 0.2 g 
relative to 600 g of the powder combining 480 g of the alumina powder and 120 g of the titania powder. The second 
powder was thus prepared. 

5 (Formation of Coating Layer) 

The entire amounts of the first powder and the second powder were uniformly mixed, and turned into a slurry by 
the standard method. A cordierite-formed honeycomb monolithic base member having a capacity of 1.3 L was dipped 
into the slurry and then pulled up. After an extraneous amount of the slurry was blown off, the monolithic base member 
10 was dried and baked, thereby forming coating layers. The amount of coating layers formed was 320.5 g relative to 1 L 
of the honeycomb base. The coating layers contained zirconia as the first powder in an amount 96 g, and alumina and 
titania as the second powder in a total amount of 144g. 

(Supporting of Pt, Rh, K and Li in Surface Portion) 

15 

The thus-coated honeycomb base was dipped into a dinitrodiammine platinum nitrate aqueous solution of a prede- 
termined concentration, and then pulled up. After an extraneous amount of the solution was blown off, the honeycomb 
base was dried at 1 10 °C for 3 hours. The honeycomb base was then dipped into a rhodium nitrate aqueous solution of 
a predetermined concentration, and pulled up. After an extraneous amount of the solution was blown off, the honey- 

20 comb base was dried at 1 10 °C for 3 hours, and then baked at 400 °C for 1 hour. 

Subsequently, the honeycomb base was dipped into a potassium acetate aqueous solution of a predetermined 
amount, and pulled up. After an extraneous amount of the solution was blown off, the honeycomb base was dried at 1 1 0 
°C or 3 hours. The honeycomb base was then dipped into a lithium nitrate aqueous solution of a predetermined con- 
centration, and pulled up. After an extraneous amount of the solution was blown off, the honeycomb base was dried at 

25 1 1 0 °C for 3 hours, and then baked at 500 °C for 1 hour, thereby obtaining a catalyst of Example 22. Pt was supported 
in an amount of 1 .3 g (1 .0 g relative to 1 L of the honeycomb base). Rh was supported in an amount of 0.065 g (0.05 g 
relative to 1 L of the honeycomb base). Each of K and Li was supported in an amount of 0.13 mol (0.1 mole relative to 
1 L of the honeycomb base). These elements were supported in a surface portion of the coating layer. 

30 COMPARATIVE EXAMPLE 8 

y-Alumina was turned into a slurry by the standard method. A cordierite-formed honeycomb monolithic base mem- 
ber having a capacity of 1 .3 L was dipped into the slurry and then pulled up. After an extraneous amount of the slurry 
was blown off, the monolithic base member was dried and baked, thereby forming coating layers. The amount of coating 

35 layers formed was 240.0 g relative to 1 L of the honeycomb base. 

The thus-coated honeycomb base was dipped into a barium acetate aqueous solution of a predetermined concen- 
tration, and then pulled up. After an extraneous amount of the solution was blown off, the honeycomb base was baked 
at 500 °C for 3 hours, thereby supporting 0.4 mole of Ba. After that, the honeycomb base was entirely dipped into 2 L 
of a 0.3-mol/L ammonium hydrogen carbonate aqueous solution. The solution was stirred for 15 minutes followed by 

40 filtration. The honeycomb base was then dried at 1 1 0 °C for 3 hours, and ground. Ba was thereby converted into barium 
carbonate and supported uniformly on surfaces of the alumina coating layers. 

The honeycomb base having alumina coating layers carrying barium carbonate was dipped into a dinitrodiammine 
platinum nitrate aqueous solution of a predetermined concentration, and then pulled up. After an extraneous amount of 
the solution was blown off, the honeycomb base was dried at 1 10 °C for 3 hours. The honeycomb base was then dipped 

45 into a rhodium nitrate aqueous solution of a predetermined concentration, and pulled up. After an extraneous amount 
of the solution was blown off, the honeycomb base was dried at 1 1 0 °C for 3 hours, and then baked at 400 °C for 1 hour, 
thereby obtaining a catalyst of Comparative Example 8. Pt was supported in an amount of 2.6 g (2.0 g relative to 1 L of 
the honeycomb base). Rh was supported in an amount of 0.78 g (0.6 g relative to 1 L of the honeycomb base). Both 
elements were supported in a surface portion of the coating layer. 

50 

COMPARATIVE EXAMPLE 9 

After 240 g of y-alumina and 240 g of zirconia powder were thoroughly mixed, the mixture was turned into a slurry 
by the standard method. A cordierite-formed honeycomb monolithic base member having a capacity of 1 .3 L was 
55 dipped into the slurry and then pulled up. After an extraneous amount of the slurry was blown off, the monolithic base 
member was dried and baked, thereby forming coating layers. The amount of coating layers formed was 240.0 g relative 
to 1 L of the honeycomb base. 

The thus-coated honeycomb base was dipped into a barium acetate aqueous solution of a predetermined concen- 
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tration, and then pulled up. After an extraneous amount of the solution was blown off. the honeycomb base was baked 
at 500 °C for 3 hours, thereby supporting 0.4 mole of Ba. After that, the honeycomb base was entirely dipped into 2 L 
of a 0.3-mol/L ammonium hydrogen carbonate aqueous solution. The solution was stirred for 15 minutes followed by 
filtration. The honeycomb base was then dried at 1 10 °C for 3 hours, and ground. Ba was thereby converted into barium 

5 carbonate and supported uniformly on surfaces of the alumina/zirconia coating layers. 

The honeycomb base having alumina/zirconia coating layers carrying barium carbonate was dipped into a dinitro- 
diammine platinum nitrate aqueous solution of a predetermined concentration, and then pulled up. After an extraneous 
amount of the solution was blown off, the honeycomb base was dried at 1 10 °C for 3 hours. The honeycomb base was 
then dipped into a rhodium nitrate aqueous solution of a predetermined concentration, and pulled up. After an extrane- 

10 ous amount of the solution was blown off, the honeycomb base was dried at 1 1 0 °C for 3 hours, and then baked at 400 
°C for 1 hour, thereby obtaining a catalyst of Comparative Example 9. Pt was supported in an amount of 2.6 g (2.0 g 
relative to 1 L of the honeycomb base). Rh was supported in an amount of 0. 78 g (0.6 g relative to 1 L of the honeycomb 
base). Both elements were supported in a surface portion of the coating layer. 

75 COMPARATIVE EXAMPLE 10 

After 240 g of y-alumina, 192 g of zirconia powder and 48 g of titania powder were thoroughly mixed, the mixture 
was turned into a slurry by the standard method. A cordierite-formed honeycomb monolithic base member having a 
capacity of 1 .3 L was dipped into the slurry and then pulled up. After an extraneous amount of the slurry was blown off, 

20 the monolithic base member was dried and baked, thereby forming coating layers. The amount of coating layers formed 
was 240.0 g relative to 1 L of the honeycomb base. 

The thus-coated honeycomb base was dipped into a barium acetate aqueous solution of a predetermined concen- 
tration, and then pulled up. After an extraneous amount of the solution was blown off, the honeycomb base was baked 
at 500 °C for 3 hours, thereby supporting 0.4 mole of Ba. After that, the honeycomb base was entirely dipped into 2 L 

25 of a 0.3-mol/L ammonium hydrogen carbonate aqueous solution. The solution was stirred for 15 minutes followed by 
filtration. The honeycomb base was then dried at 1 10 °C for 3 hours, and ground. Ba was thereby converted into barium 
carbonate and supported uniformly on surfaces of the alumina/zirconia/titania coating layers. 

The honeycomb base having alumina/zirconia/titania coating layers carrying barium carbonate was dipped into a 
dinitrodiammine platinum nitrate aqueous solution of a predetermined concentration, and then pulled up. After an extra- 

30 neous amount of the solution was blown off, the honeycomb base was dried at 1 1 0 °C for 3 hours. The honeycomb base 
was then dipped into a rhodium nitrate aqueous solution of a predetermined concentration, and pulled up. After an 
extraneous amount of the solution was blown off, the honeycomb base was dried at 1 10 °C for 3 hours, and then baked 
at 400 °C for 1 hour, thereby obtaining a catalyst of Comparative Example 10. Pt was supported in an amount of 2.6 g 
(2.0 g relative to 1 L of the honeycomb base). Rh was supported in an amount of 0.78 g (0.6 g relative to 1 L of the 

35 honeycomb base). Both elements were supported in a surface portion of the coating layer. 

COMPARATIVE EXAMPLE 11 

After 240 g of y-alumina, 192 g of zirconia powder and 48 g of titania powder were thoroughly mixed, the mixture 

40 was turned into a slurry by the standard method. A cordierite-formed honeycomb monolithic base member having a 
capacity of 1 .3 L was dipped into the slurry and then pulled up. After an extraneous amount of the slurry was blown off, 
the monolithic base member was dried and baked, thereby forming coating layers. The amount of coating layers formed 
was 240.0 g relative to 1 L of the honeycomb base. 

The thus-coated honeycomb base was dipped into a barium acetate aqueous solution of a predetermined concen- 

45 tration, and then pulled up. After an extraneous amount of the solution was blown off, the honeycomb base was baked 
at 500 °C for 3 hours, thereby supporting 0.4 mole of Ba. After that, the honeycomb base was entirely dipped into 2 L 
of a 0.3-mol/L ammonium hydrogen carbonate aqueous solution. The solution was stirred for 15 minutes followed by 
filtration. The honeycomb base was then dried at 1 10 °C for 3 hours, and ground. Ba was thereby converted into barium 
carbonate and supported uniformly on surfaces of the alumina/zirconia/titania coating layers. 

so The honeycomb base having alumina/zirconia/titania coating layers carrying barium carbonate was dipped into a 
dinitrodiammine platinum nitrate aqueous solution of a predetermined concentration, and then pulled up. After an extra- 
neous amount of the solution was blown off, the honeycomb base was dried at 1 10 °C for 3 hours. The honeycomb base 
was then dipped into a rhodium nitrate aqueous solution of a predetermined concentration, and pulled up. After an 
extraneous amount of the solution was blown off, the honeycomb base was dried at 1 10 °C for 3 hours, and then baked 

55 at 400 °C for 1 hour. Pt was supported in an amount of 2.6 g (2.0 g relative to 1 L of the honeycomb base). Rh was 
supported in an amount of 0.78 g (0.6 g relative to 1 L of the honeycomb base). Both elements were supported in a 
surface portion of the coating layer. 

Subsequently, the honeycomb base was dipped into a potassium acetate aqueous solution of a predetermined 



28 



EP0 852 966 A1 



amount, and pulled up. After an extraneous amount of the solution was blown off, the honeycomb base was dried at 1 1 0 
°C for 3 hours. The honeycomb base was then dipped into a lithium nitrate aqueous solution of a predetermined con- 
centration, and pulled up. After an extraneous amount of the solution was blown off, the honeycomb base was dried at 
1 10 °C for 3 hours, and then baked at 500 °C for 1 hour, thereby obtaining a catalyst of Comparative Example 1 1 . Each 
of potassium (K) and lithium (U) was supported in an amount of 0.13 mol (0.1 mole relative to 1 L of the honeycomb 
base). 

EXAMPLE 23 

(Preparation of First Powder) 

480 g of zirconia powder was dipped into a rhodium nitrate aqueous solution of a predetermined concentration. 
After being filtered, the powder material was dried at 1 10 °C for 3 hours, and ground, and then baked at 400 °C for 1 
hour, thereby supporting Rh in the powder. The amount of Rh supported was 2.0 g relative to 480 g of the zirconia pow- 
der. The first powder was thus prepared. 

(Preparation of Second Powder) 

480 g of y-alumina powder was impregnated with a predetermined amount of a barium acetate aqueous solution of 
a predetermined concentration. The powder material was then dried at 110 °C for 3 hours while being stirred, thereby 
evaporating moisture. After being ground, the powder was baked at 500 °C for 3 hours, thereby supporting Ba in the 
powder. The amount of Ba supported was 1 .6 moles relative to 480 g of the alumina powder. 

Subsequently, the thus-obtained powder was dipped into 6 L of a 0.3-mol/L ammonium hydrogen carbonate aque- 
ous solution. After being stirred for 15 minutes, the mixture was filtered, and dried at 110 °C for 3 hours, and then 
ground. Thereby, Ba was converted into barium carbonate and supported uniformly in the alumina powder. 

The Ba/alumina powder was then dipped into a dinitrodiammine platinum nitrate aqueous solution of a predeter- 
mined concentration. After being filtered, the powder material was dried at 1 10 °C for 3 hours, and then ground. Sub- 
sequently, the powder was dried at 400 °C for 2 hours, thereby supporting Pt in the powder. The amount of Pt supported 
was 8.0 g relative to 480 g of the alumina powder. 

Subsequently, the obtained powder was dipped into a rhodium nitrate aqueous solution of a predetermined con- 
centration. After being filtered, the powder material was dried at 1 10 °C for 3 hours, and then ground. Subsequently, the 
powder was dried at 400 °C for 2 hours, thereby supporting Rh in the powder. The amount of Rh supported was 0.4 g 
relative to 480 g of the alumina powder. The second powder was thus prepared. 

(Formation of Coating Layer) 

The entire amounts of the first powder and the second powder were uniformly mixed, and turned into a slurry by 
the standard method. A cordierite-formed honeycomb monolithic base member having a capacity of 1 .3 L was dipped 
into the slurry and then pulled up. After an extraneous amount of the slurry was blown off, the monolithic base member 
was dried and baked, thereby forming coating layers. The amount of coating layers formed was 321 .1 g relative to 1 L 
of the honeycomb base. The coating layers contained 120 g of zirconia as the first powder and 120 g of alumina as the 
second powder. 

(Evaluation Test) 

An endurance test equivalent to 50,000 km driving was performed on the exhaust gas purifying catalysts of Exam- 
ples 16-23 and Comparative Examples 8-1 1 , by setting each catalyst in the exhaust system of a 1 .8-L lean burn gaso- 
line engine. After the test, the amounts of NOx adsorbed at an in-coming gas temperature of 400 °C during lean burn 
operation, the amounts of NOx reduced at an in-coming gas temperature of 400 °C during rich pulses, 50%-HC removal 
temperatures, and NOx emissions during 10-15 mode operation were measured in the same exhaust system. Results 
are shown in Table 6. 
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55 As can be seen from Table 6, the catalyst of Example 23 exhibited a larger amount of NOx adsorbed and a larger 
amount of NOx reduced than the catalysts of Comparative Examples 8-1 1 . The catalyst of Example 23 was also excel- 
lent in the NOx removing performance at the time of rich pulses even after the endurance. Therefore, it should be clear 
that by supporting Rh and Ba apart from each other as in Example 23, the NOx removing performance significantly 
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improves. 

The catalysts of Examples 1 6-22 of the invention achieved even higher NOx removing performance than the cata- 
lyst of Example 23. This is apparently because a portion of Pt was supported in a surface portion of the coating layers 
in each of Examples 16-22. 

5 As understood from the above description, the exhaust gas purifying catalyst of the invention achieves high NOx 
removing performance both during an initial period and after the endurance test and, therefore, has high durability. 

If the exhaust gas purifying method of the invention is employed, production of NOx by oxidation of NO, adsorption 
of NOx to the NOx adsorbent, and reduction of NOx released from the NOx adsorbent smoothly progress. Therefore, it 
becomes possible to reliably maintain high NOx removing performance not only during an initial period but also after 

10 the endurance test. 

Furthermore, if at least one element selected from Co, Fe and Ni is optionally supported, the sulfur-poisoning of the 
NOx adsorbent is further reduced, so that durability is further enhanced. Further, if the catalyst is formed so that the 
concentration of Pt supported is higher in a surface portion than in an interior portion, the NOx removing performance 
further improves. 

75 While the present invention has been described with reference to what are presently considered to be preferred 
embodiments thereof, it is to be understood that the invention is not limited to the disclosed embodiments, examples or 
constructions. To the contrary, the invention is intended to cover various modifications and equivalent arrangements 
included within the spirit and scope of the appended claims. 

20 Claims 

1 . An exhaust gas purifying catalyst comprising : 

a first powder formed of porous particles supporting rhodium; and 
25 a second powder formed of porous particles supporting platinum and a nitrogen oxides-adsorbing material, the 

second powder and the first powder being present in a mixed state. 

2. An exhaust gas purifying catalyst according to claim 1 , wherein at least one of the first powder and the second pow- 
der supports at least one element selected from the group consisting of cobalt, iron and nickel. 

30 

3. An exhaust gas purifying catalyst according to claim 1 , wherein the second powder supports 1 -10% by weight of 
rhodium relative to an amount of platinum. 

4. An exhaust gas purifying catalyst according to claim 1 , wherein a hydrocarbon-adsorbing adsorbent is provided 
35 adjacent to the first powder. 

5. An exhaust gas purifying catalyst according to claim 4, wherein the porous particles of the first powder serve as the 
HC-adsorbing adsorbent. 

40 6. An exhaust gas purifying catalyst according to claim 4, wherein the HC-adsorbing adsorbent exists at an interface 
between the first powder and the second powder. 

7. An exhaust gas purifying catalyst according to claim 4, wherein the HC-adsorbing adsorbent forms a coating layer 
provided on a monolithic base member, and at least the first powder is supported in the coating layer. 

45 

8. An exhaust gas purifying catalyst comprising: 

a base member; 

a coating layer formed on a surface of the base member, the coating layer being formed of a first powder 
so formed of porous particles supporting rhodium and a second powder formed of porous particles supporting a 

nitrogen oxides-adsorbing material, the first powder and the second powder being present in a mixed state; 
and 

platinum supported in the coating layer, 

the concentration of platinum supported in a surface layer portion being higher than the concentration of plati- 
55 num supported in an internal portion. 

9. An exhaust gas purifying catalyst according to claim 8, wherein at least one of the first powder and the second pow- 
der supports at least one element selected from the group consisting of cobalt, iron and nickel. 
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10. An exhaust gas purifying catalyst according to claim 8, wherein the second powder supports platinum and 1-10% 
by weight of rhodium relative to an amount of platinum. 

11. An exhaust gas purifying catalyst according to claim 8, wherein a hydrocarbon-adsorbing adsorbent is provided 
adjacent to the first powder. 

12. An exhaust gas purifying catalyst according to claim 1 1 , wherein the porous particles of the first powder serve as 
the HC-adsorbing adsorbent. 

1 3. An exhaust gas purifying catalyst according to claim 1 1 , wherein the HC-adsorbing adsorbent exists at an interface 
between the first powder and the second powder. 

14. An exhaust gas purifying method comprising the steps of: 

disposing, in an exhaust gas passage, a catalyst having a first powder formed of porous particles supporting 
rhodium and a second powder formed of porous particles supporting platinum and a nitrogen oxides-adsorbing 
material, the first powder and the second powder being present in a mixed state; 

allowing the nitrogen oxides-adsorbing material to adsorb nitrogen oxides in a lean atmosphere in which an 
excessive amount of oxygen is present; and 

temporarily changing the lean atmosphere to a stoichiometric-rich atmosphere so as to cause reduction of 
nitrogen oxides released from the nitrogen oxides-adsorbing material. 

15. An exhaust gas purifying method according to claim 14, wherein at least one of the first powder and the second 
powder supports at least one element selected from the group consisting of cobalt, iron and nickel. 

16. An exhaust gas purifying method according to claim 14, wherein the second powder supports 1-10% by weight of 
rhodium relative to an amount of platinum. 

17. An exhaust gas purifying method according to claim 14, wherein a hydrocarbon-adsorbing adsorbent is provided 
adjacent to the first powder. 

18. An exhaust gas purifying method according to claim 1 7, wherein the porous particles of the first powder serve as 
the HC-adsorbing adsorbent. 

1 9. An exhaust gas purifying method according to claim 1 7, wherein the HC-adsorbing adsorbent exists at an interface 
between the first powder and the second powder. 
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